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Abstract: Earned value management (EVM) is a project management approach that can enhance the probability of project success. It is
applied widely across different industry sectors (e.g., energy, aerospace, construction, defense, and manufacturing), generally through the use
of an earned value management system (EVMS). A holistic and up-to-date literature review on EVM and EVMS does not exist. A literature
review can provide a comprehensive perspective on the topic, identifying and summarizing the existing body of knowledge, as a foundation to
advance the state of practice of EVM/EVMS. Therefore, the objective of this paper is to investigate the EVM/EVMS state of the art by critically
reviewing academic and industry publications, with a specific focus on the maturity of EVMS and the environment surrounding its imple-
mentation. By performing a systematic literature review, the authors identified 600 publications since the inception of the EVM concept in
1962, and then narrowed down this list to 160 relevant publications from the last decade for closer review. The findings include the discovery
of eight emergent themes. Of these themes, “forecasting/prediction” constitutes the largest portion of the recent literature, followed by
“application of EVMS.” One interesting finding is that EVMS maturity, although being a critical topic, is only discussed in one publication.
Publications focused on EVM/EVMS have increased in the last decade and significant differences were found between academia and industry
literature in terms of the limitations and extensions of EVM/EVMS, EVMS environment, and compliance. A key finding is that designing a
reliable EVMS should combine both technical and social aspects of implementation. This forward-looking paper provides a state-of-the-art
review while highlighting gaps in the existing EVM/EVMS body of knowledge and introducing new perspectives to support EVMS research
and application. DOI: 10.1061/(ASCE)ME.1943-5479.0001019. This work is made available under the terms of the Creative Commons
Attribution 4.0 International license, https://creativecommons.org/licenses/by/4.0/.

Introduction

An earned value management system (EVMS) is “an organization’s
management system for project and program management that in-
tegrates a defined set of associated work scopes, schedules and
budgets for effective planning, performance, and management con-
trol; it integrates these functions with other business systems such
as accounting and human resources among others,” as defined by
Aramali et al. (2021) based on the existing literature (e.g., McGregor
2019a; DOE 2018b; NASA 2018a; NDIA 2018b; Humphreys
2018; Anderson 2015; Stratton 2006), and informed by expert

practitioners. While sometimes used interchangeably with earned
value management (EVM), EVMS is actually different (Aramali
et al. 2021). EVM is the use of performance management infor-
mation, produced from the EVMS, to plan, direct, control, and fore-
cast the execution and accomplishment of contract/project cost,
schedule, and technical performance objectives versus the plan
(McGregor 2019a; DOE 2018b; ISO 2018; NASA 2018a; NDIA
2018b; Humphreys 2018; PMI 2017; Chen and Zhang 2012;
Garrett and Rendon 2006). Noticing the difference in definitions,
the authors consider EVM and EVMS as two different terms in this
study and address both appropriately. Furthermore, EVMS pro-
vides several benefits such as the capability to measure the progress
of a project, visibility of the performance status, benchmarking
against previous projects and programs, forecasting future perfor-
mance, and early warnings of potential problems (Devanshu et al.
2018; Humphreys 2018; Fleming and Koppelman 2010; Dinsmore
and Cabanis-Brewin 2014; Gupta 2014; GAO 2009).

As a common practice in the industry, government agencies are
required to have compliant EVMS with particular standards and
guidelines, such as ANSI/EIA-748, on various acquisitions (DOE
2018a, 2020; Frahm 2012). Historically, government organizations
and their contractors worked on maturing their projects’ cost and
management systems based on guidelines to investigate EVMS ef-
fectiveness and compliance (Liggett et al. 2017). EVMS is certified
as compliant when the contractor’s EVMS conforms with attributes
and characteristics provided by the recognized guidelines and when
the system produces “reliable, timely, and actionable” performance
data (NDIA 2018b; Kester et al. 2015). If the guidelines’ criteria are
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satisfied, then the EVMS reliability is achieved (Christensen 1998).
Orgut et al. (2020) found that developing guidelines to follow en-
hance the reliability of project control systems based on 10 in-depth
case studies. On the other hand, even though compliance oversight
teams are mostly concerned with assessing the reliability (Jaeger
2014; Christensen 1998), a number of industry practitioners ex-
pressed their concerns on whether certifying an EVMS as compli-
ant is enough to ensure that it is reliable (Laqua 2018; McNamee
et al. 2017; Kester et al. 2015). However, a major principle of DOE
(2020) is that an effective EVMS should be compliant and assures
that following guidelines improves EVMS reliability. To improve
and standardize the implementation and execution of EVMS,
the International Organization for Standardization (ISO), National
Defense Industrial Association (NDIA) Integrated Program Man-
agement Division (IPMD), and Project Management Institute/
American National Standards Institute (PMI/ANSI) provide stan-
dard guidelines that support EVM application for successful project
and program management (ISO 2018; NDIA 2018a). These entities
are examples, among others, that offer guiding principles to the
EVMS field of knowledge and practice; yet even such guidelines
are still subject to varying interpretations. On the other hand, effec-
tive project management and EVM application necessitate mature
processes (Efe and Demirörs 2013), and the maturity level of
EVM implementation is verified by compliance, while higher levels
are achieved by improved compliance (Zhan et al. 2019; Laqua
2018; Kratzert and Houser 2011; Stratton 2006).

However, even when the system provides reliable data by follow-
ing guidelines and is mature, if its use through decision-making has
shortcomings, then the project’s cost and schedule status become
problematic, which increases the risks of cost and schedule overruns
(Frank et al. 2017). Despite the growing interest of industry prac-
titioners in compliance that leads to effective EVMS implementa-
tion to achieve project success (NDIA 2018b), understanding other
EVMS success determinants such as knowledge and skills of team
members and management decision-making have gained attention in
the academic literature (e.g., Kwak and Anbari 2012). According to
Cho et al. (2020), a reliable EVMS is mature, compliant with the
applicable established guidelines, supported by a strong system envi-
ronment, and provides trustworthy information to inform decision-
making. Kwak and Anbari (2012) provide visible examples of
projects that failed due to reasons attributed not to compliance, but
other factors such as planning and ineffective management. Further-
more, they identified major projects that used EVMS that were suc-
cessful, because of factors related to the “environment” of EVMS
(e.g., culture, technical capability, etc.). In fact, the success of EVMS
implementation and execution depends heavily on such project and
program factors and is highly influenced by the project and pro-
gram’s stakeholders, team members, project and program manager,
and so on (Bryde et al. 2018). Thus, EVMS reliability is contingent
on areas beyond just the maturity of processes (which is improved
through compliance with government and industry guidelines). It is
also contingent on the environment in which EVMS is planned,
developed and applied, as highlighted in the academic literature.

Accordingly, this paper aims to address the topic of the imple-
mentation and execution of EVMS from a novel consistent per-
spective by building on a comprehensive literature review method
focused on both EVMS maturity and environment concepts intro-
duced recently in the literature (Aramali et al. 2021; Cho et al.
2020), while considering both academic and industry references to
understand the status of academic research and the needs of indus-
try practitioners. This type of review could bring both academics’
and practitioners’ efforts one-step closer toward building a reliable
EVMS by highlighting trends and any consensus or disconnects that
exist on the topic of EVM/EVMS between academia and industry.

The novel approach focuses on the maturity and environment con-
cepts that are different but complementary dimensions of a reliable
EVMS. EVMS maturity is the degree to which an implemented sys-
tem, associated processes, and deliverables serve as the basis for an
effective and compliant EVMS (Aramali et al. 2021; Cho et al.
2020). An EVMS environment is defined as the conditions (i.e., peo-
ple, culture, practices, and resources) that enable or limit the ability
to manage the project and program using the EVMS, serving as a
basis for timely and effective decision-making (Aramali et al. 2021;
Cho et al. 2020). This approach is derived from the principle of de-
signing efficient systems called “sociotechnical systems design,”
which calls for taking into consideration both technical (i.e., EVMS
maturity) and human (i.e., EVMS environment) inputs when improv-
ing the efficiency of the system (Bider and Klyukina 2018; Walker
2015; Baxter and Sommerville 2011). The authors’ previous inves-
tigation of EVMS state of practice was based on a large survey of
294 industry expert respondents. It revealed sociotechnical factors as
the underlying causes of poor functionality of a system (Aramali
et al. 2021). In part, this paper attempts to support this finding
through studying the literature. As such, investigating the EVMS lit-
erature from both its maturity and environment perspectives is
needed to fully understand the foundation of a reliable EVMS.

Existing EVM/EVMS literature has been classified by academic
researchers in various ways. One example is the work of Chen and
Zhang (2012) who have divided the studies into empirical and non-
empirical classifications. In another publication [a book entitled
Engineering Management (Hernández et al. 2013)], EVM research
was classified into six groups: EVM and fuzzy determination of
EV, EVM forecast accuracy, EVM and earned schedule, EVM
to integrate risk management, EVM to integrate quality, and
EVM to integrate technical performance (Hernández et al. 2013).
In their prior work, the authors of this paper classified the EVMS
literature into three high-level categories: “(1) improving EVMS
estimation predictability, (2) adapting EVMS for the agency’s man-
agement process, and (3) improving EVMS reliability” (Cho et al.
2020). Although EVMS reliability has been introduced to the body
of knowledge over the last two decades (Cho et al. 2020; Martens
and Vanhoucke 2017; Jaeger 2014), there has not been a recent
update to the existing literature since 2012 (Chen and Zhang 2012)
in terms of summarizing and analyzing the EVM/EVMS body of
knowledge. Cho et al. (2020) identified a clear need to examine
available literature addressing the improvement of EVMS reliabil-
ity, to complement the progress and the findings of relevant re-
search efforts, while also taking into account the industry’s state
of practice. A recent study by Aramali et al. (2021) administered
a survey with 294 project management industry experts to examine
the industry’s state of practice exploring the new sociotechnical di-
mensions of a reliable EVMS, namely environment and maturity.
Finally, there has not been any previous noted study that has ex-
amined the disconnect between academia and industry on the topic
of EVM/EVMS.

Because EVM/EVMS is a topic that has been subject to a vast
amount of research by both practitioners and the academic commu-
nity, the authors examine the literature emerging from both. The
review provides clarity on what the industry’s practical interests are,
while also identifying the research areas that academic researchers
have been engaged in. Identifying and highlighting the disconnect
between these two bodies of work can show gaps in efforts between
industry and academia, provide information to both communities
related to research needs in light of the gaps that exist, and may
allow industry to see opportunities that are forthcoming from aca-
demic research. EVM research can become even more valuable
when it is deeply rooted in the industry’s experience and practical
needs (Vanhoucke 2017).

© ASCE 03122001-2 J. Manage. Eng.

 J. Manage. Eng., 2022, 38(3): 03122001 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

13
6.

22
6.

18
.6

3 
on

 1
1/

21
/2

2.
 C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



The advancement in the state of practice of EVM/EVMS coupled
with the lack of an up-to-date comprehensive literature review cover-
ing new EVMS dimensions, inspired the authors to undertake this
review of the EVM/EVMS literature. Also, this paper fills an existing
gap bridging the disconnect between academic efforts and industry
needs in the enhancement of EVMS implementation. Accordingly,
the objectives of this paper are to: (1) critically review and analyze
relevant and recent academic and industry works on EVM/EVMS
to reflect up-to-date practices and issues, and (2) perform trend and
comparison analyses of EVM/EVMS between academic and indus-
try literature to identify potential gaps aiming to inform future re-
search directions for improvement.

This paper begins by describing the methodology that details the
steps undertaken for this systematic literature review. Then, clas-
sification of the EVM/EVMS literature by themes is undertaken
and described. Data characteristics and trend analyses are presented
and analyzed, followed by a critical assessment of the existing pub-
lications. Conclusions, along with guidance to researchers and prac-
titioners are then provided, including recommendations for future
research directions. This paper contributes to the project manage-
ment body of knowledge by addressing the issues and identifying
future needs for a high-performing EVMS through content and trend
analyses of the existing academic and industry literature, and by
highlighting the sociotechnical framework applicability on EVMS.

Methodology

This section presents the methodology followed in this paper while
conducting a systematic review of the literature as recommended by
Briner and Denyer (2012) as well as Denyer and Tranfield (2009).
As suggested by Booth et al. (2016), the authors’ preliminary step
is establishing a guiding exploratory question: “How can EVMS be
reliable?” Next was forming an expert advisory group and deter-
mining the types of studies that might answer this question. In this
case, the authors’ work was overseen by a steering committee of
27 industry and government professionals, each having more than
20 years of extensive experience in project management and con-
trols, and who represent 16 owner organizations and 11 contractor
organizations from diverse industry fields including energy, mili-
tary, nuclear, security, chemical waste, aerospace, infrastructure, in-
dustrial, engineering, and manufacturing.

The steering committee members pointed out to the authors that
industry sources (e.g., professional magazines, industry guides, etc.)
provide valuable information on current practices and needs related
to EVMS application. In fact, much of the EVM/EVMS research is
conducted by project management professionals, published in trade
publications/magazines, and complements the academic points of
view (Vanhoucke 2017). It is important to clarify that what is re-
ferred to as industry references and publications in this paper are
publications drafted, published, and used by practitioners from in-
dustry and government in the project management field of study.
Types of industry publications include technical articles published
in newsletters, industry standards published by nongovernmental
international organizations or leading professional associations, and
guidelines published by government agencies. Industry publications
by practitioners from industry and government reflect the state of
practice and draw attention to the current issues as well as interests
of EVM experts. On the other hand, academic references and pub-
lications are those studied and written by academics reflecting find-
ings from project management related research efforts. Types of
academic publications include books, dissertations, as well as peer-
reviewed conference proceedings and journal articles. As such,
the following subsections describe the systematic literature review

conducted by the authors using publications from both industry and
academic literature. Fig. 1 provides an overview of the methodol-
ogy steps, including the number of publications examined at key
junctures.

Step 1: Preparatory Step

The authors conducted a preliminary broad data collection by gath-
ering and examining 600 publications, dating back to 1962, from
several academic sources (such as Google Scholar and ASCE) and
from industry references shared by the steering committee (industry
standards and guidelines from US government agencies, among
others). This ensured that EVMS application from the industry and
academic viewpoints was considered. Examination of these publi-
cations led to several observations. Out of the 600 publications,
only 282 discussed EVM/EVMS as a main research contribution,
and the rest did not have EVM/EVMS neither in their titles nor
abstracts; rather, they discussed generic topics related to project
or program control. Also, older publications addressed more foun-
dational tools such as program evaluation review technique (PERT)
and cost/schedule control system criteria (C/SCSC), instead of
EVM. The 27 industry guidelines, standards, and tools in this data
set do not solely focus on EVM/EVMS. This initial literature col-
lection informed the authors on the history and evolution of earned
value management practice, guided conducive changes to the scop-
ing process, sharpened the focus of the literature review on EVM/
EVMS, and informed the development of inclusion and exclusion
criteria. Thus, the authors tailored the typical systematic review to
match the purpose of this study.

Step 2: Defining the Scope

The initial literature review helped define the scope and narrow the
objectives of this study to focus more on recent literature (from
2011 to end of March 2021) and relevant literature to EVMS im-
plementation and application. A couple of papers had reviewed
available literature on EVM-specific topics (Chen and Zhang
2012; Christensen 1994). One of the most recent publications is
a study by Chen and Zhang (2012), who analytically reviewed

8. Conclusions of EVM/EVMS areas requiring further investigation

7. Discussion of the results based on the quantitative and qualitative analysis

6. Analysis approach to examine the studies:
(i) Qualitative analysis

(ii) Quantitative analysis

5. Classification of the studies and categorization of the collected literature into themes:
(i) Compiled the collected data in a spreadsheet 
(ii) Determined preliminary themes of interest 
(iii) Followed the concept of thematic analysis 

4. Screening of publications using inclusion and exclusion criteria

3. Selection process for the publications to be reviewed:
(i) Choose type of publications

(ii) Choose source of publication/search engines

2. Defining the scope:
Consider research question and objectives to determine search keywords

1. Preparatory step:
Meeting with industry experts and preliminary data collection

Initial N=600 (1962-2021)

Revised N=301 (2011-2021)

Final N=160 (2011-2021)

Fig. 1. Research methodology.
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EVM studies and applications. The key topics reviewed are close
in nature to the interests of the authors, and they include effective
implementation, accuracy, performance metrics, and integration
with other project management techniques. However, this study
was published in 2012 and reviewed studies published by midyear
of 2011. Because this study reflected on publications before 2011
and on limited topics only, the authors chose to review publications
from 2011 onward to reflect the most recent findings and a com-
prehensive review of EVM/EVMS. This scope guided the authors’
choice of the keywords used in search engines to be “earned value
management” or “EVM” because “earned value management sys-
tem” or “EVMS” are subsets of the chosen keywords, respectively,
and lead to inclusive search results.

Step 3: Selection Process for the Publications

To select the type and sources of publications to be reviewed, the
authors started with Google Scholar as the preliminary search en-
gine because it is a widely used and freely accessible search engine
that publishes from all over the world. Although there are some
books and dissertations spotted on the topic, most of the publica-
tions are journal and conference articles. Moreover, the sources of
these articles are diverse where most of the recent and relevant pub-
lications come from three dominant well established academic da-
tabases. Accordingly, peer-reviewed journal articles and conference
proceedings from the ASCE library database, the ScienceDirect da-
tabase, and the Institute of Electrical and Electronics Engineers
(IEEE) Xplore library database were collected.

Similarly, the authors started with the industry publications and
sources suggested or shared by the research steering committee.
Those that are bringing relevant valuable practical perspective to
the review were considered and they include conference papers,
recommended practices, journal articles, and newsletters from the
Association for the Advancement of Cost Engineering (AACE)
International library and Measurable News from the College of
Performance Measurement (CPM)’s database. As previously men-
tioned, not all the shared guidelines from US government agencies
solely focus on EVMS; thus, they are not analyzed but are referred
to throughout the paper to shed the light on the progress done by
practitioners in EVMS implementation and execution.

Step 4: Screening of Publications

Considering the large number of publications available on the vari-
ous areas of the EVM/EVMS topic, the authors defined a set of
inclusion and exclusion criteria to satisfy the research scope. Any
included publication must be available in full text English language
online. The term “earned value management” or “EVM” must be
spelled in the title or abstract of the publication to be examined.
Publications not focusing on EVM/EVMS are excluded. Academic
publications focusing on EVM and sustainability, EVM and labor
productivity, and teaching EVM are excluded because they are not
related to the research objective. State-of-the-art or literature review
papers are also excluded from the analyses but are used as foun-
dation to start this study, are used to cross-check results, and are
cited multiple times throughout the paper. Recommended practices,
issued by AACE, are documents that intend to provide descriptions,
explanations, and guidelines on particular topics as a foundation for
educational purposes; therefore, they are cited in the paper upon
need but are not included in the analysis, considering also that the
authors do not aim to critically review the rigorous work of insti-
tutions that publish guidelines or standards in this scope of study.
However, publications related to compliance to standards and guide-
lines that provide research contributions or discuss concern areas are

analyzed. In summary, the preliminary data collection step yielded
600 publications published between 1962 and 2021. Focusing on
this paper’s objectives yielded 301 publications after conducting
steps 1 and 2 shown in Fig. 1. The number was narrowed down
further to 160 publications after applying the inclusion and exclu-
sion criteria in step 3. The final 160 publications will be analyzed in
great detail.

Step 5: Classification of the Literature

The publications were categorized into themes based on a descrip-
tive review (Rowe 2014). This classification started by first com-
piling the collected data in a spreadsheet, organized by source, type
of publication, title, abstract, year of publication, and first author
name. Second, the authors determined the preliminary themes of
interest while focusing on bringing a new perspective and consid-
ering that the research enquiry is around EVMS reliability; where
EVMS reliability is dependent on guideline compliance (DOE 2020;
Christensen 1998), EVMS maturity (Cho et al. 2020; Zhan et al.
2019; Stratton 2006), and EVMS environment (Cho et al. 2020;
Kwak and Anbari 2012) as previously discussed. Thus, the initial
themes of categorizing the data (literature), used as initial condition
for an iterative process, are: “EVMS compliance,” “EVMS matu-
rity,” and “EVMS environment.” Third, the authors followed the
concept of thematic analysis, suggested by Alhojailan (2012), to
identify, analyze, and report themes or patterns/trends in a given
data set (Cruzes and Dyba 2011). Fig. 2 presents the iterative pro-
cess followed to categorize all the literature sources; where the term
“keyword” represents a primary focus term that the study revolves
around.

Based on a reading of the publications, the authors identified the
keywords that represent the main topic of each study in relation to
this paper’s research question, as shown in Fig. 2. Grouping the
references based on keywords led to the discovery of the emergent
themes, where no single reference was duplicated in more than one
theme. This process stopped once the themes were saturated based
on the identified keywords. Fig. 3 presents two examples of this
thematic analysis step.

Step 6: Analysis Approach

Before going into the discussion and critical review, the authors
applied qualitative and quantitative analyses on the data. First, the
collected data are presented by publication source followed by de-
scribing each theme based on its identified keywords and set of
references. Then the demographics of the collected data are pre-
sented, including source count and number of citations, and stat-
istical analysis is performed to test and examine any disconnects
between industry and academia. With decades of EVM/EVMS his-
tory (since 1962), one can anticipate that the research focus within
the EVM/EVMS field may change over time. Thus, to gain per-
spective on how researchers’ focus evolved when trying to improve
the system’s reliability, the research trend is analyzed over the last
decade (2011–2021).

Step 7: Discussion of the Results

Based on the analyses performed, the authors identified issues and
gaps within the available literature, categorized by theme, and sug-
gest future improvements for the EVMS implementation and exe-
cution to support industry needs and inform EVMS applications.
Hence, promoting a new theory around ensuring EVMS reliabil-
ity that can be applied in implementing EVMS in industry and
government practices.
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Results and Findings

Distribution of EVM/EVMS Literature by Source of
Publication: Demographics

As mentioned, 160 publications (years 2011–2021) resulted from
the applied method and were further analyzed. Fig. 4 shows the

distribution of the 160 publications by the source (database), type
(academia or industry), and number of citations. The collected data
is split in half between academic and industry publications.

The authors examined the number of citations, as an additional
comparative element representing the influence of sources. This in-
formation is shown in Fig. 4 for the academic publications at the
time of this writing. Furthermore, citation information does not exist
for the industry publications such as the newsletters published in
Measurable News professional magazine and the Earned Value
Management Systems EIA-748 Intent Guide, which has been widely
used in EVMS application in the industry for more than 20 years
(NDIA 2018a). Overall, the total number of citations is 2,946 across
the academic publications. In addition to five recent publications
that were not cited yet, the number of citations for the rest ranged
from 1 to 214 citations per publication and is biased against more
recent publications.

Distribution of EVM/EVMS Literature by Theme:
Categorization

The review and analysis of the 160 publications resulted into the
discovery of eight themes considering how EVMS performance
can be improved specifically focusing on the role of maturity and

Form initial themes connected to the research objective:
EVMS maturity, EVMS environment, and EVMS compliance

Is there a
theme in which the 

keyword fits?

Read the title and abstract (and content when needed) of a new data point

Identify keywords connected to the research objective and compare them against 
the themes

Place the data point under the identified theme (Table 1)

Is there a new data point?

Does it match with an 
existing keyword?

Record keyword

Group keywords and create a new theme

Stop

No

No

Yes

Yes

Yes

No

Place the data point under 
unidentified theme

Fig. 2. Research keyword categorization flow diagram.

“The main objective of this study is to identify the benefits of EVM for software 
projects as well as the difficulties of its application. Two exploratory case studies 
have been performed on two industrial software projects. In the light of the 
application results, the benefits and challenges of EVM implementation for 
software projects are discussed.” (Efe and Demirörs 2013)

EVM 
implementation 

for software 
projects 

Application of 
EVMS

Publication Title or Abstract Keyword Identified Theme

“The Evolution of Earned Value Management” (Abba 2017) Evolution History of EVMS

Fig. 3. Example of the thematic analysis step.

13%, 21
#464

14%, 23
#184

23%, 36
#2298

21%, 33

29%, 47

80 academic publications, 
and 80 industry publications

Note: Total number of citations 
is shown in italic font.

ASCE IEEE ScienceDirect AACE International Measurable News

Academia

Industry

Fig. 4. Distribution of EVM/EVMS publications by source:
2011–2021; N ¼ 160.
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environment in ensuring a reliable EVMS. The themes are:
(1) History of EVMS, (2) Compliance, (3) Forecasting/prediction,
(4) Application of risk management in EVM/EVMS, (5) Applica-
tion of EVMS, (6) EVMS environment, (7) Limitations and exten-
sions of EVM, and (8) Other topics on EVM/EVMS. The data under
the eighth theme “Other” does not fit under any other theme because
it contains miscellaneous and unrelated keywords grouped together.
All the themes with their associated keywords and descriptions are
provided in Table 1.

The resulting themes are aligned with the study’s objective and
scope. In fact, EVMS industry and government experts agree that a
mature EVMS serves as the basis for an effective and compliant
system (Liggett et al. 2017; Efe and Demirörs 2013), and an EVMS
compliant to guidelines is deemed reliable (theme 2) (Orgut et al.
2020; Aramali et al. 2021; NDIA 2018b; Kester et al. 2015).
Although EVMS maturity is a topic of major interest for this paper
and was expected to have its own theme, the numerical results re-
veal that there was only a single publication on maturity, out of 160,
which does not justify a new theme. “Maturity” was considered
under the closest and most relevant theme of Compliance. The com-
pliance theme (theme 2) and EVMS environment (theme 6) high-
light the new perspective of this study. In addition to these initial
themes, other themes have been found to cover dominant topics in
the recent body of knowledge (themes 3, 4, 5, 7, and 8). Theme 1

serves as a historical view providing background information about
the origin and evolution of EVMS. Furthermore, the emergent
themes were cross compared across themes identified in previous
literature studies. These themes were found to include some pre-
vious classifications of EVM/EVMS literature by the other afore-
mentioned authors in this paper (Cho et al. 2020; Hernández et al.
2013; Chen and Zhang 2012).

Fig. 5 shows the resulting number of publications per theme.
The assessment of these results shows that forecasting/prediction
theme constitutes the largest portion of the recent literature collected
on EVM/EVMS and has the highest interest of the researchers
versus the other topics. This is in line with the fact that fore-
casting using EVM techniques is a widespread research topic
that aims to improve the control of projects and programs (Batselier
and Vanhoucke 2015a), and EVM reliability (Narbaev and De
Marco 2014). Together with the application of EVMS and EVM
limitations, these themes represent almost two-thirds of the overall
literature. This means a lot has been done to improve the EVMS
performance particularly toward compliance by overcoming some
inefficiencies in the forecasting of the system, improving the EVMS
application through documenting case studies and learning from
those, and overcoming EVM limitations. Yet, the rest of the
themes—compliance, risk management, EVMS environment, and

Table 1. Keywords and themes of EVM/EVMS literature review

Theme # Theme Keywords (with respect to EVM/EVMS) Theme description

(1) History of EVMS Origin, evolution, history The origin and the evolution of EVMS from its earlier
concepts (C/SCSC, C/SPCS).

(2) Compliance Surveillance, guideline, standard, compliance,
compliance reviews, ANSI/EIA-748, certification,
policy, maturity

The application of EVMS guidelines and standards as
well as compliance.

(3) Forecasting/prediction Forecast(ing), Earned Schedule, Estimate at
Completion (EAC), predicting, estimates, future cost
performance, forecast schedule performance, cost
prediction

Techniques to forecast completion times and costs of
projects and programs, including earned schedule,
which is an extension of EVM for this purpose. Also
included is improving the prediction aspect of EVMS.

(4) Application of risk management
in EVM/EVMS

Risk management, management reserve, risk
analysis, integrating EVM with risk management,
contingency, uncertainty

Integration of EVM/EVMS with risk management.

(5) Application of EVMS Tailoring, tailored, flexible EVM, case study,
implementation on real-life project and program,
agile, contracts, applying/application (in different
industries), implementation (in different type of
projects and programs)

Application examples or case studies that aim to
validate that EVMS can be implemented or tailored to
diverse types of projects and programs and industries
while highlighting the challenges. They include
applications on projects and programs in research,
software, energy, oil and gas, construction,
manufacturing, mining, residential, nuclear, production,
harvesting, and data center management, as well as in
agile environment, in EPC (engineering, procurement,
construction), and unit-price payment contracts.

(6) EVMS environment Communication, reporting accurate and reliable
data, EVM systems integration, understanding of
EVM, data quality, people, psychology, skills, and
lessons learned

Particular factors that affect the environment of EVMS
and support project and program success, as well as
leveraging lessons learned from EVM/EVMS
application in industry. These factors are related to
culture, people, practices, and resources.

(7) Limitations and extensions
of EVM

Limitations, extension to EVM, traditional EVM The limitations of EVM addressing the flaws and
problems by suggesting tool improvements and
further extensions to EVM. Note: any extension
aiming to exclusively improve the prediction aspect
of EVM/EVMS has been considered under theme 3.

(8) Other topics on EVM/EVMS Cost of EVM, planning for EVM, EVM integration
with project control deliverables, automated EVM,
EVM with PERT, cost control through EVM,
damage calculations using EVM, over target
baseline (OTB) projects, rework by schedule
adherence, impact of limited budget on corrective
actions, buffer control

Miscellaneous topics and unrelated keywords that do
not fit into the major themes 1–7.
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others—were investigated in a lesser number of publications (each
less than or equal to 10% of publications).

Distribution of EVM/EVMS Literature by Type:
The Disconnect between Academia and Industry

To investigate the disconnect between critical topics for the aca-
demic and industry publications, Fig. 6 shows the distribution of
the 160 publications by themes between the publication types. This
null hypothesis (existence of a disconnect between topics for the
academic and industry publications) is tested by conducting a chi-
square statistical test to determine the association between themes
and publication type. It was found that the themes are significantly
associated with the type of the publication (p < 0.05). This means
that academics would most probably publish on themes different

than those published by the industry and government practitioners.
Also, the chi-square statistical test results are reported in Table 2.
In Fig. 6, an asterisk (*) is used to indicate the themes that show a
statistically significant difference between academic and industry
publications. The themes about limitations and extensions of EVM,
EVMS environment, compliance, and history of EVMS are signifi-
cantly associated with the publication type.

The highlights of the statistical analysis and Fig. 6 are as follows.
First, forecasting (theme 3) is a top interest for both practitioners and
academics. A reason behind this may be that stakeholders are inter-
ested in using EVM to make informed project decisions based on
reliable and credible data-driven reports, whereas academics are in-
terested in researching and creating solutions to solve project control
problems. This is also an interesting finding because working to im-
prove forecasting techniques enhances project and program perfor-
mance, which is a primary goal for industry practitioners. As for
academics, there is a lot of room for innovation to develop tools,
finetune techniques, and describe frameworks to improve forecast-
ing using EVMS as done by Carrico et al. (2019), Demachkieh and
Abdul-Malak (2019), and Abdel Razik (2020). Second, although
practitioners find EVMS to be a useful tool in the industry, academic
researchers are interested in addressing its identified flaws and pro-
viding theoretical solutions, as shown by having 22 academic pub-
lications versus two industry publications on theme 7: limitations
and extensions of EVM. A reason behind this disconnect may be
attributed to the fact that EVM systems work quite well on projects
and programs, given that EVMS have been widely used in the in-
dustry for almost 60 years. As such, addressing the flaws by practi-
tioners has not been a priority. Third, EVMS environment factors
have been widely addressed by the academic literature, but not
as a main focus of a publication; thus, there was no recorded pub-
lications under theme 6 by academics. For example, the academic

29%, 47

17%, 27

15%, 24

10%, 16

9%, 14

8%, 13

9%, 15

3%, 4

Distribution by theme (%, count)

(3) Forecasting/prediction

(5) Application of EVMS

(7) Limitations and extensions of EVM

(2) Compliance

(4) Application of risk management in
EVM/EVMS
(6) EVMS environment

(8) Other topics on EVM/EVMS

(1) History of EVMS

Fig. 5. Overview of EVM/EVMS literature by theme: 2011–2021;
N ¼ 160.
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(8) Other topics on EVM/EVMS

(1) History of EVMS*

(6) EVMS environment*

(2) Compliance*

(4) Application of risk management in EVM/EVMS

(5) Application of EVMS

(7) Limitations and extensions of EVM*

(3) Forecasting/prediction

9%, 7

5%, 4

16%, 13

15%, 12

6%, 5

19%, 15

2%, 2

28%, 22

10%, 8

0%, 0

0%, 0

5%, 4

11%, 9

15%, 12

28%, 22

31%, 25

Distribution by type (%, count) Academia

Industry

Fig. 6. Split of EVM/EVMS literature between academia and industry: 2011–2021; N ¼ 160.

Table 2. Chi-square statistical test results; academia versus industry comparison

Theme # Theme Chi-square value (x2) Degree of freedom (df) p-value Significance

(1) History of EVMS 4.10 1 0.043 <0.05
(2) Compliance 4.44 1 0.035 <0.05
(3) Forecasting/prediction 0.27 1 0.603 >0.05
(4) Application of risk management in EVM/EVMS 1.25 1 0.263 >0.05
(5) Application of EVMS 0.40 1 0.527 >0.05
(6) EVMS environment 14.15 1 0.00 <0.05
(7) Limitations and extensions of EVM 19.60 1 0.00 <0.05
(8) Other topics on EVM/EVMS 0.07 1 0.786 >0.05
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literature has identified organizational culture as a factor that affects
EVMS application in a project and program among other factors,
but out of the reviewed academic publications, none studied the
exclusive correlation of this particular factor (or any environment
factor) with EVMS. Nevertheless, the industry and government
practitioners have published more on EVMS environment factors
since they integrate lessons learned from stakeholders’ relations
and available resources to improve project management systems
(Sowers and Jarnagan 2019; Baker 2015; Plemmons and Hodges
2011). The disconnect may arise from the fact that the practitioners
are directly involved in managing projects and programs by inter-
acting with people, using resources, following processes, and under
an organizational culture, therefore issues related to these are more
pertinent to the industry. Also, all the top challenges identified were
attributed to EVMS environment in the EVMS industry survey
(Aramali et al. 2021). Fourth, few academic publications have shed
the light on compliance (theme 2), while it is much more popular in
industry publications. Because industry and government agencies
aim for continuous improvement while focusing on early warning
signs for potential performance issues, industry experts and practi-
tioners in the domain seem to publish more on compliance with
guidelines and standards. This is also attributed to the fact that
EVMS is a structured system used by projects and programs and
follows certain set of predefined guidelines found by practitioners
from industry and government. This finding leads to recommending
shedding more light on EVMS compliance in academia by studying
how the reliability of an EVMS system can be improved and corre-
lated to performance; thus, encouraging academics to work on de-
fining EVMS maturity and how to satisfy its attributes among the
EVMS subprocesses as informed by EVMS industry practitioners
and guidelines. This started with one recent publication by Aramali
et al. (2021) who discussed the importance, need, and process to
have a mature EVMS for reliable performance. Fifth, the history
of EVMS was more discussed in industry publications focusing
on the creation and evolution of EVMS. Perhaps because EVM
was created by practitioners, the historical value behind EVM and
the contributions of the EVM pioneers were highlighted to the proj-
ect management community through the publications of industry
practitioners.

Finally, there are no major differences in the remaining themes
between academic and industry publications (themes 4, 5, and 8).
Although there is almost an even representation between both types
across these themes, industry publications focus more on high-
lighting best practices of integrating risk management with EVM
(Graham 2018; Infanti 2011) while academic publications focus
more on proposing new metrics to better utilize EVM in risk man-
agement (Hammad et al. 2018; Pajares and Lopez-Paredes 2011).
Both endeavors aim to have more informative risk analysis for

better management of contingencies (theme 4). There is a consensus
between academia and industry on this theme because both agree
that risk management is critical to project success (Scheepbouwer
et al. 2018). Moreover, both types of publications focus on utilizing
case studies (theme 5) across different industries to identify effective
strategies in implementing EVMS and incorporating other systems
(such as agile) with it (Bergerud 2017; Morad and El-Sayegh 2016;
Oien 2015; Jung et al. 2011).

Distribution of EVM/EVMS Literature by Year:
Trend Analysis

The trend analysis of the EVM/EVMS literature across time is dis-
cussed in this subsection. Fig. 7 shows the distribution of the 160
publications, by year. Although new publications may have arose in
the year 2021 after this paper was completed, in total, an average of
15 studies on EVM/EVMS have been published per year between
2011 and 2020 in the defined scope of the study. The number of
publications per year has remained relatively stable but decreased
in 2020 and is still inconclusive in 2021 at the time of this writing.
This shows the recognition of the importance of the EVM/EVMS
field in the last decade. In the first 3 years studied (2011–2013), the
number of industry publications on EVM and EVMS topics was
greater than the academic publications. This changed in the follow-
ing 3 years (2014–2016), with more academic publications leading
to a higher total number of publications. The main takeaway is that
there has been a lot of interest in the topic over the last decade from
both academics and practitioners; perhaps a consensus between
these two groups.

Furthermore, Fig. 8 represents a stacked bar chart and shows the
trends of interests within the EVM/EVMS literature between the
academic and industry publications, also highlighting shifts in in-
terests per year. Has there been a time when academia and industry
had similar interests? To answer to this question, the following
analysis adds the element of time in the disconnect between aca-
demia and industry.

Fig. 8 shows that the interest areas between academia and in-
dustry have changed with time.

The key highlights of the trend analysis are:
1. Interest in integrating risk management in EVM/EVMS was rel-

atively high for both industry and academia in the beginning of
the decade but has decreased with time. This finding is interest-
ing because the industry practitioners identified the importance
of the EVMS risk management process as top 4 out of 10 EVMS
subprocesses, yet the same interest is not reflected in recent pub-
lications (Aramali et al. 2021).

2. The interest of industry in the EVMS environment fluctuates
from year to year.
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Fig. 7. Number of EVM/EVMS publications per year: 2011–2021; N ¼ 160. 2021 data was not fully available at the time of this writing.
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3. Industry publications studying EVM limitations and exten-
sions were only present in years 2011 and 2017, whereas
the academics’ interest in the topic is relatively high in each
year.

4. Unlike the industry, in most of the years, academia had no
interest in compliance.

5. Publications on forecasting/prediction and application of EVMS
have been yearly published by academics and industry practi-
tioners. This shows that the improvement in forecasting accuracy
is consistently critical in EVMS, and that researchers are highly
interested in the use of EVMS to manage projects.

6. Other topics on EVM/EVMS, which include the cost of EVM
(Bembers et al. 2017b; Kerby et al. 2017; Kratzert and Houser
2011), EVM deliverables (Aramvareekul and Stephens 2014),
planning for EVM (Lukas 2018; Aramvareekul and Stephens
2014), incurred project costs (Blanco 2011), Over Target Base-
line (OTB) projects (Dekker 2012), and rework (Lipke 2011b),
gained interest by industry practitioners in most of the years
throughout the decade. Similarly, new topics started to be inves-
tigated by academics including automated EVM (Elghaish et al.
2019; Alzraiee 2018), the effect of project disruption on con-
struction (Lee 2016), EVM with PERT (Mishakova et al. 2016),
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budget for corrective actions (Song et al. 2020), and buffer
control (Martens and Vanhoucke 2017). After reviewing the
EVM/EVMS research trends over the last decade, no compa-
rable or consistent pattern was found between the industry and
academic literature.
Overall, the quantitative analysis emphasizes that most publica-

tions have focused on the technical side of EVM/EVMS (i.e., fore-
casting, application to projects and programs across industries,
technical limitations); however, there is a need to focus on the prac-
tical aspects of EVMS (e.g., EVMS maturity within compliance,
integration of risk management into EVMS, and EVMS environ-
ment). For example, even if the project forecasts are reliable, the
lack of effective management interventions can cause problems
(Leon et al. 2018). Using the knowledge and experience from the
technical side and tying it to the practical aspects create an oppor-
tunity to contribute to the improvement of EVMS reliability.

EVM/EVMS Literature Review by Theme

In the following subsections, an overarching critical review of
publications is performed for each theme to highlight the current
body of knowledge and identify gaps for a future research direction.
The review also elaborates on the identified disconnect between
academia and industry. Moreover, the review ties each theme with
either the “technical” aspect, the “social” aspect, or both aspects
of a “sociotechnical” system to demonstrate its applicability to
EVMS.

The sociotechnical systems approach has been used in other
business processes found in the literature, such as for sales process
improvement (Bider and Klyukina 2018) and software engineering
(Baxter and Sommerville 2011), among others. The term “socio” or
social is used to describe factors related to the people who work
together, whereas the term “technical” denotes the factors of the de-
sign and requirements of the system itself (Baxter and Sommerville
2011).

Therefore, this literature review, for the first time, analyzes
existing studies to show that EVMS is not just a technical process
for project and program management. Social aspects of the system
are also critical. The rationale for adopting the sociotechnical ap-
proach into system design, in this case EVMS, is that failure to do
so increases the risk of poor performance and effective functionality
of the system (Bider and Klyukina 2018; Baxter and Sommerville
2011).

Theme 1: History of EVMS

The articles published on EVMS history target how and why
EVMS was created as well as the evolution of EVMS from pre-
vious management techniques (Humphreys 2016; Morin 2016;
Abba 2017; Driessnack 2017). The concept of program control has
existed since the early 1960s, based on references published in
1962 (Driessnack 2017; Fleming and Ervin 1962). Earlier concepts
of EV components were called PERT and cost/schedule planning
and control specification (C/SPCS) (Abba 2017; Driessnack 2017;
Humphreys 2016; Morin 2016; Abba 2000; Christensen 1994;
Fleming and Ervin 1962). In 1967, the use of EVM originated in
a policy requirement by the USDepartment of Defense (DoD), called
C/SCSC (or CS2), for certain defense contracts (Christensen 1994).
As programs became more complex and with higher levels of risk,
the existing management techniques and tools became inadequate,
leading to the birth of EVM by pioneers of the process such as Hans
Driessnack and Ernest Fitzgerald (Abba 2017, 2000). These individ-
uals and others worked on providing program management best
practices, focusing on a list of 35 criteria. The 35 criteria morphed

over time and were subsequently documented as 32 EVMS guide-
lines (Abba 2017), and in 1998, these 32 guidelines were officially
published as an American National Standards Institute/Electronic
Industries Alliance (ANSI/EIA-748) document (Bembers et al.
2017a; Humphreys 2016). Overall, EVM and correspondingly
EVMS have been actively applied for almost 60 years. Being so
widely used make them a subject of interest for further research
and improvements. In a nutshell, EVMS was created as a new im-
proved management technique, because earlier tools technically
failed to manage complex and risky programs while integrating cost
and schedule. For this reason, this first theme around the history of
EVMS sheds the light on EVMS’ foundational technical aspects.

Theme 2: Compliance

Since the origin of EVM, many guidelines, standards, and recom-
mended practices have been established to successfully implement
it across the industry (e.g., DOE 2020; McGregor 2019a, b; PMI
2019a; DOE 2018a, 2019; ISO 2018; NASA 2018a, b; NDIA
2018a, b; AACE 2014a; DCMA 2012). Examples of recognized
entities that have published guidelines include the US DoD, the
US Department of Energy (DOE), the NDIA, the Defense Contract
Management Agency (DCMA), the Project Management Institute
(PMI), the ISO, and the National Aeronautics and Space Adminis-
tration (NASA). Among federal agencies, the US DoD pioneered
the concept and has led by example in enforcing the guidelines as
policies on major acquisitions. Taken together, these guiding docu-
ments are important because complying with them is essential for
effective EVM application (DOE 2018b; McNamee et al. 2017;
Kester et al. 2015).

Nevertheless, compliance reviews, oversight, and EVMS certif-
ication are top strategies to mitigate EVMS deficiencies (McNamee
et al. 2017; Kester et al. 2015; Finefield 2013a, b). However, the
analysis showed that only Liggett et al. (2017), Hunter et al. (2014),
and McGrath (2012) have focused on this subject in academic pub-
lications. These articles have rigorously documented the industry
processes of certification and compliance reviews in real case stud-
ies by highlighting challenges and recommendations that benefit
the broader community for an improved EVMS application.

Although guidelines and standards aim to standardize the appli-
cation of EVMS across the industry, they have been subject to dif-
ferent interpretations and perspectives (e.g., Melamed and Plumery
2015; Finefield 2013a, b). As such, there is no common and sys-
tematic interpretation by the different organizations or EVM practi-
tioners on implementing EVMS (Cho et al. 2020; NDIA 2016).
This highlights the need to have consistent criteria, across organ-
izations and industries, to enhance EVMS implementation, attain
compliance, and thus achieve a reliable EVMS. Furthermore,
Driessnack (2019) has looked at the alignment between the EVMS
guidelines, drafted by multiple agencies, that are similar in nature,
yet different in content and found that the existence of multiple
guiding resources for the same system creates difficulties and in-
consistencies. Furthermore, practitioners have raised concerns such
as whether adherence to guidelines is costly or too demanding
(e.g., Frahm 2012; Crowe and Basche 2011), and such areas have
not been found to be investigated by academics. This calls for fur-
ther investigations to be done on how to ensure the availability of
resources to attain a compliant EVMS where “resources” is one of
the identified factors to have a good environment for a reliable
EVMS (Aramali et al. 2021).

Other than adhering to guidelines, EVMS surveillance is iden-
tified by a large industry survey as a top strategy to mitigate defi-
ciencies (Aramali et al. 2021), as well as a mean to implement a
healthy and reliable EVMS (Bembers et al. 2017b). However, only
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one recent academic paper has focused on it (Liggett et al. 2019).
This is important because such processes help identify corrective
actions to promote a better EVMS implementation and execution,
as well as project and program success. Accordingly, there should
be more focus directed on how to achieve the surveillance results
and corrective actions by providing a set of criteria for the contrac-
tors and owners to move by along each of the EVMS subprocesses.

Working to ensure and improve both compliance and surveil-
lance is expected to mature the EVMS of a project and program
(Laqua 2018; Kratzert and Houser 2011; Stratton 2006) and also
improve its reliability (Bembers et al. 2017). Maturity is a concept
to describe the effectiveness of a certain activity that usually devel-
ops with time. It was initiated in the late 1980s in the software in-
dustry in a model called the “Capability Maturity Model (CMM)”
by the Software Engineering Institute (SEI) (Humphrey 1989).
Table 3 presents some of the studies that have investigated maturity
in different applications focused on improving the planning and
management of a project and program.

Table 3 illustrates that maturity assessment models have been
widely developed and used in different applications. Considering
this paper’s scope, only one recent publication has studied EVMS
maturity by looking at its 10 associated EVMS subprocesses (organ-
izing, planning and scheduling, budgeting and work authorization,
accounting considerations, indirect budget and cost management,
analysis and management reporting, change control, material man-
agement, subcontract management, and risk management) (Aramali
et al. 2021). Before that, only one mechanism was found in the lit-
erature to assess EVMS maturity, and it was developed by Stratton
(2000) in the year 2000.

Even though various authors from industry and academia have
mentioned that the maturity of EVM helps overcome project and
program obstacles and promote successful implementation (Cho
et al. 2020; Netto et al. 2020; Sutrisna et al. 2020; Zhan et al.
2019; Efe and Demirörs 2013; Kersbergen 2011; Lipke 2011a),
there is a gap in the recent literature in evaluating the maturity level
of EVMS subprocesses and their effect on project and program
performance outcomes. Industry guidelines have contextualized
visually the application of EVMS subprocesses across project and
program life cycle to promote efficient project management (NDIA
2020; McGregor 2019b; DOE 2018a). However, in academia, few
authors such as Willems and Vanhoucke (2015) have done the
same. Thus, there needs to be broader studies that investigate and
improve the EVMS subprocesses tied to the different project and
program phases. Considering these observations and the findings
by Stratton (2006) and Aramali et al. (2021), as well as Zhan et al.
(2019), a mature EVMS is compliant to the guidelines, and mature
EVMS subprocesses ensure a mature EVMS. A new goal around
achieving a compliant and reliable EVMS can be achieved by en-
suring a mature EVMS. This can be done by linking the compliance
guidelines to each subprocess and assessing the project and pro-
gram’s performance with respect to each subprocess against its
required criteria.

As discussed, the literature found that compliance to guidelines
leads to improved EVMS application. However, effective oversight
that is in place and used by the project team actually helps reach
such a mature and compliant state of the system. This emphasizes
how EVMS compliance is achieved through adopting a sociotech-
nical system perspective.

Table 3. Examples of maturity frameworks in different applications

Maturity framework Brief description Reference(s)

Capability maturity model (CMM) Maturity of processes in the software industry. Humphrey (1989)
Maturity level of project management Maturity is represented in a spider web layout illustrating the level of project

management competences. These competencies are in individual, project team,
and organization dimensions.

Gareis and Huemann
(2000)

Project management scalable maturity
model

Maturity is in five scalable levels that aim to improve the management of
projects using other maturity references.

Crawford (2001)

Maturity of projects in organizations Maturity is in three dimensions: (1) knowledge (ability to perform different
tasks), (2) attitudes (willingness to perform them), and (3) actions (doing them
in the actual reality).

Andersen and Jessen
(2003)

Maturity of EVMS Maturity is a scalable approach to assess the maturity level of EVMS in five
levels: (1) little or no EVM, (2) low-cost and effective EVMS, (3) EVM
compliant with ANSI/EIA 748 guidelines, (4) fully committed to EVM, and
(5) improving EVMS as an ongoing process.

Stratton (2006)

Maturity of project management Maturity of project management is investigated using the CMM, Organizational
Project Management Maturity Model (OPM3), and other means.

Lipke (2011a)

OPM3 Maturity of project management is measured against a comprehensive and
broad-based set of organizational project management best practices.

PMI (2013)

Maturity in performance
measurement systems in research and
development (R and D) organizations

Adaptation of CMM to develop a framework to assess maturity levels of
performance measurement systems.

Baggett (2014)

Project management maturity Maturity is a proper foundation of tools, techniques, processes, and culture,
when striving for excellence. Maturity levels move from a low level called
“Common Language” to the highest level (level 5), called “Continuous
Improvement.”

Kerzner (2017)

Maturity of the front end engineering
design (FEED)

Project definition elements are assessed in five different levels; along with the
option of not being required (0), to measure the maturity of FEED elements.
They are rated numerically from 1 to 5 (completed, mostly completed,
somewhat addressed, initial thoughts have been applied, and work not started).

El Asmar et al. (2018),
and Yussef et al. (2019)

Maturity of the project definition
rating index (PDRI)

PDRI maturity elements are assessed in five different levels; along with the
option of not being applicable (0) to the project; to measure the maturity of the
front end planning elements. The five levels range from 1 to 5 (complete
definition, minor deficiencies, some deficiencies, some deficiencies, major
deficiencies, and incomplete or poor definition).

Gibson et al. (2019)
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Theme 3: Forecasting/Prediction

One main objective of applying EVMS is monitoring the project
and program’s cost and schedule performance. A lot of research has
been performed on offering reliable estimates during project exe-
cution. Most of the research has focused on improving the accuracy
and reliability of the EAC and CPI calculations (e.g., Kim and Pinto
2019; Batselier and Vanhoucke 2017; Kim 2016; Heron et al. 2015;
Narbaev and De Marco 2014; Mortaji et al. 2015). However, to
address criticism that EVM knowledge works well in cost manage-
ment but not in schedule management (Vanhoucke et al. 2015),
studies examining the use of EVMS schedule indicators, to offer
reliable information on schedule performance during the execution
of the project, have been published (e.g., Martens and Vanhoucke
2020; Carrico et al. 2019; Demachkieh and Abdul-Malak 2019;
Alshaheen 2018; Batselier and Vanhoucke 2015b). Earned sched-
ule, an emergent topic since the year of 2003 by the industry pro-
fessional Walt Lipke, was the focus of many of these publications
(e.g., Abdel Razik 2020; Alshaheen 2018; Ballesteros-Pérez et al.
2019; Lipke 2019; Heron et al. 2015; Crumrine and Ritschel 2013).

Due to the vigorous study of forecasting/prediction in academia,
the issues of EVMS performance (i.e., lack of accuracy in forecasts
and the need for an improved visibility of future project perfor-
mance) are addressed by various methods, such as statistical mod-
els. However, even statistical model predictions have biases and
errors caused by multiple uncertainties (Bain and Polakovic 2005)
where a model may produce accurate results in some projects, while
the same model may show significantly different performance
due to unconsidered project and program variables in other projects.
Because EVMS is applied on different types of projects and pro-
grams, this issue cannot be avoided unless new tools that help iden-
tify gaps and achieve criteria for better EAC and progress measures
are developed. This sheds light on the importance of ensuring a
mature EVMS that follows guidelines.

On the other hand, if project and program risks are not integrated
with the forecasting process, chances of delivering a successful
project and program would become limited where risk needs to
be associated with forecasting results for effective performance
control (Kim and Reinschmidt 2010). The analysis shows that six
recent papers that explicitly investigated risks with forecasting have
been identified (Kim and Pinto 2019; Babar et al. 2017; Kim 2015,
2016; Kim and Kim 2014; Kim and Reinschmidt 2011).

As the results showed, the largest portion of the EVM literature
studies the forecasting aspects of EVMS through developing theo-
retical methods. Aiming to improve the accuracy of the cost and
schedule estimates represents a technical side of EVMS.

Theme 4: Application of Risk Management
in EVM/EVMS

As indicated in the previous subsection, the probability of a given
program’s success is increased by continuously applying risk man-
agement, a project management process (Nouban et al. 2020; PMI
2019b; Alleman et al. 2018). Although there is a lack of clear
guidelines for risk management process integration with EVMS
(ISO 2018; NDIA 2018a), risk-based decision-making with the
use of EVM information would provide a strong rationale for ef-
fective project decisions and management (Martinelli and Waddell
2014).

The analysis of the collected publications on the topic
of risk management integration with EVMS revealed two research
approaches to account for risks and uncertainties in EVM:
building new methods such as the grey EVM (Mahmoudi et al.
2019), and adding new forward-looking performance indicators
to the traditional EV metrices such as the risk performance index

(Babar et al. 2017). However, the limitations of such new methods
or measures are that they are yet to be validated on large and
diverse project data.

Furthermore, academics recently started to study the integration
of risk management with earned duration management (EDM), an
extension of EVM, to overcome its poor progress measurement as-
pect (Votto et al. 2020). However, there are some topics raised by
industry needs that did not yet gain sufficient attention in academia:
formulation and understanding of management reserve as a best
industry practice (Infanti 2011); baseline and dynamic scheduling
based on risk analysis (Vanhoucke 2012); and the use of cost and
schedule contingency reserves in EVM (Hammad et al. 2018;
Eldosouky et al. 2014). This analysis indicates the need to develop
tools that help practitioners follow criteria to efficiently incorporate
risk management with EVMS, especially that risk management is
not yet incorporated into one of the major EVMS industry stan-
dards, NDIA (2018a) (Solomon and Young 2007).

The literature emphasized the importance of integrating the risk
management process (e.g., risk analysis, cost and schedule reserves
to account for risks) into EVM and EVMS as a system design re-
quirement. The objective of this integration enhances the technical
aspect of EVMS.

Theme 5: Application of EVMS

The literature confirms that EVMS can be utilized in a wide variety
of industries, including research, energy, oil and gas, construction,
manufacturing, mining, software, residential, nuclear, production,
harvesting, data center management, and EPC (Erez and Sloan
2017; Dodson et al. 2015; Rybina et al. 2015; Chirinos 2014;
Efe and Demirörs 2013; Giammalvo 2012; Lorenz et al. 2012;
Wibiksana 2012; Jung et al. 2011; Naderpour and Mofid 2011).
However, research shows that there still exist challenges in apply-
ing EVMS to projects and programs in certain industries as indi-
cated in what follows. According to Chirinos (2014), statistics
show that projects in the oil and gas industry are at a higher failure
rate than other industries, therefore further research on the appli-
cation of EVM is needed in the oil and gas industry to avoid the
failures (Steege 2019; Chirinos 2014). Nevertheless, in software
projects, EVM in its basic form is not capable of meeting the proj-
ect needs (Efe and Demirörs 2013). Kranz (2017) argues that for
managing projects in the aerospace industry, construction industry,
and defense acquisitions, EVMS needs the support of Building
Information Modeling (BIM) because BIM provides accurate proj-
ect schedule information and a better performance management
than EVMS. Based on the industry practice, EVMS can also be ap-
plied in an agile environment (Agile Alliance 2017; Stratton 2016);
however no recent academic papers have focused on explaining and
investigating the application of EVMS in an agile project man-
agement method. Despite these identified barriers, EVM remains
the most recognized project management tool (Demachkieh and
Abdul-Malak 2019), and the wide use of EVMS in various indus-
tries calls for finding solutions to improve its reliability and over-
come the identified challenges.

Other than implementing EVMS on projects by industry types,
some authors have argued whether compliance should be tailored
on projects by contractual conditions such as contract value thresh-
olds (e.g., Frahm 2012; Gustavus and Hunter 2012). In fact, EVMS
is a robust system, therefore it is useful to tailor it on different
contracts/projects as necessary depending on the project’s contrac-
tual requirements, size, and scope (Picornell et al. 2017; Bhaumik
2016; Gustavus and Hunter 2012). Only five recent academic
papers have fully focused on how to design a tailored EVMS
depending on contractual requirements or sufficient guidelines
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(Liggett et al. 2019; Bergerud 2017; Picornell et al. 2017; Frahm
2012; McGrath 2012). This calls to integrate lessons learned from
industry experience and best practices to develop frameworks that
help systematically tailor EVMS.

Finally, case studies where EVMS guidelines and standards
have been implemented are scarce in the literature [e.g., case study
using ISO standards to complement EVM by Erez and Sloan
(2017)]. Consequently, there is a need to have studies that demon-
strate the effectiveness of EVMS when following published EVMS
guidelines and standards.

The literature validates that EVMS can be implemented or tail-
ored to diverse types of projects and industries. This is successfully
achieved by integrating lessons learned from human experience
and following best practices by the project team. This highlights the
team’s role from a social aspect of EVMS, while designing an
EVMS specific to a certain application highlights a technical aspect
of EVMS.

Theme 6: EVMS Environment

The EVMS environment was previously defined in this paper as the
conditions that enable or limit the ability to manage a project and
program using EVMS. An EVMS environment factor is one of the
circumstances, facts, or elements that contributes to the result or
outcome of an EVMS (Aramali et al. 2021; Cho et al. 2020). Table 4
lists various environment factors that would impact the reliability of
EVMS as identified in the literature.

In addition, Rezouki and Mortadha (2020) have determined a
list of 37 factors categorized across cost, time, quality, risk, safety,
social, and project. The most recent publication in this area is by
Aramali et al. (2021) who have developed a list of 18 environment
factors that may have an impact on EVMS effectiveness, and are
categorized across people, culture, practices, and resources. As
shown, various environment factors are examined in the literature,
but there is no method to assess their degree of applicability within
a project or program. Also, there is a need to study their effect on
project performance outcomes and examine each factor’s correla-
tion with EVMS to improve EVMS reliability and project success.

Considering the definition of EVMS environment and the vari-
ous environment factors related to people that are examined in the
literature, the EVMS environment is at the core of defining the
social aspects of EVMS.

Theme 7: Limitations and Extensions of EVM

The limitations of EVM have been widely discussed in literature;
many authors have focused on overcoming them (Demachkieh and
Abdul-Malak 2018). Table 5 lists examples of studies that discuss
the limitations as well as “extensions” (solutions) for different ob-
jectives of EVM.

Demachkieh and Abdul-Malak (2018) have summarized the
shortcomings of EVMS in literature since 2000 and found that in-
accurate results of estimate at completion (EAC) and percent com-
plete of executed work are the top limitations. On the other hand,
one of the major noted extensions to EVM is EDM, a technique to
assess project duration performance (Khamooshi and Abdi 2017;
Khamooshi and Golafshani 2014). EDM got initiated in the indus-
try and its application is heavily investigated in recent academic
research efforts (Votto et al. 2020; Hamzeh and Mousavi 2019).

Although some authors have stated that the earned value con-
cept is the best project management tool and its application is a
“best practice” (Bergerud 2017; Anderson 2015), EVM/EVMS
come with drawbacks, which have been well acknowledged and
investigated by academic researchers to improve EVMS reliability,
particularly by aiming for a reliable EVM analysis (Lipke 2011a),
for reliable forecasting methods (Narbaev and De Marco 2014),
and for using reliable EVM metrics (Colin and Vanhoucke 2015).
Despite the research efforts addressing the limitations, it was found
that the EVM extensions come with their own limitations of appli-
cability. For example, earned quality value management (EQVM)
was only applied on general building, excluding related infrastruc-
tural works (Ong et al. 2018). Also, the new model of Miguel et al.
(2019) that integrates risk, quality, and earned schedule into EVM
is only tested on a small bicycle project. Furthermore, the exten-
sions of EVM seem theoretical and need tests of practicability on
large project data.

Table 4. Examples of environment factors that affect EVMS

Environment factor(s) Reference(s)

Effective team alignment, during preproject planning. Griffith and Gibson (2001)
EVM users, EVM methodology, project environment, and EVM implementation
process.

Kim et al. (2003)

Feedback from previous EVM application and lessons learned. Ramahatra (2011), McGrath (2012), and Baker (2015)
Effective decision-making. Lucas (2012), Lappenbusch (2017), and Shi (2019)
Leadership support and organizational buy-in. Liggett et al. (2017), Farok and Garcia (2015), King (2018), and

Zhan et al. (2019)
Practitioners’ right skills and knowledge of EVM. AACE (2014b)
Effective processes for measuring progress versus plan. Alleman (2014), and Bowman and Sabouri (2014)
The ability of the people responsible for EVMS to plan, monitor, and control the
project with the right balance between processes and results in a collaborative
environment.

Hunter et al. (2014)

Project team technical skills, knowledge, and analytical skills. Wolf (2014)
Accurate, reliable, and verified data. Jaeger (2014), and Lofgren (2017)
Culture. Hunter et al. (2014), and King (2018)
Communication between the project team and the client. Farok and Garcia (2015), and McNamee and Immonen (2019)
Effective planning for project controls, conditioned by people, processes, and tools. Gonzales (2016)
Human psychology of key stakeholders that affect decision-making: over optimism,
curiosity, pressure to deliver, distortion of facts, and other.

Bolinger and Phillips (2018)

Design related, operation related, and agency related factors. Bryde et al. (2018)
Alignment with organizational strategy, organizational integration, and continuous
development.

PMI (2018)
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The identified limitations show that most of the drawbacks of
EVM/EVMS investigated by academic researchers were technical
in nature, and many of which were resolved. In comparison, social
aspects of EVMS, such as the EVMS environment previously dis-
cussed, were rarely identified as limitations. This finding is in con-
trast with the most recent practitioner-focused research on EVMS
environment (i.e., Rezouki and Mortadha 2020; Aramali et al.
2021), which revealed social aspects of EVM/EVMS as oftentimes
the key to unleashing EVMS’ technical potential.

Theme 8: Other Topics on EVM/EVMS

A number of topics have been studied that are related to EVMS
implementation or use of EVMS but do not fall under any of the
previously discussed themes. The following paragraphs present the
highlights for these topics.

The benefits of applying EVM/EVMS have been weighed
against its implementation costs in publications by practitioners
from industry and government (Bembers et al. 2017b; Kerby et al.
2017; Kratzert and Houser 2011). In comparison, only one recent
academic publication has studied the EVMS implementation costs
(Hunter et al. 2014). Cost is an important factor in shaping the
project team’s willingness to properly implement EVMS; thus,
influencing its reliability and success.

The industry identifies the EVM components that impact vari-
ous project deliverables (Aramvareekul and Stephens 2014). How-
ever, none of the reviewed publications focus on the component of
EVM deliverables for better project control. This indicates a dis-
connect between industry practitioners experience and academic
researchers’ interests.

Although Lukas (2018) acknowledges that using EVM can be
“frustrating,” and although 272 industry experts rank “planning for
EVM,” the second most important environment factor out of 18
impacting EVMS (Aramali et al. 2021), there is still lack of sys-
tematic frameworks that explicitly lay down the overarching pro-
cess of planning for EVM.

Recent academic research emerged around automating EVM
where few papers have focused on the management of earned value
in construction projects by using BIM (Elghaish et al. 2019; Alzraiee
2018). Such endeavors allow for more collaboration between the

project stakeholders, for effective and reliable decision-making, and
promoting a successful project delivery (Marzouk and Hisham
2014). The approach can be extended to various types of projects
and industries. Furthermore, automated risk management integra-
tion into EVM is another endeavor for a reliable achievement of
project goals (Eldosouky et al. 2014). Other recent academic re-
search on EVM/EVMS include studying the effect of project dis-
ruption on construction, EVM with PERT, budget for corrective
actions, and buffer control.

The literature discussed a number of different topics that high-
light both the social aspect of EVM/EVMS (e.g., planning for EVM
by the project team) and its technical aspect (e.g., automated EVM).

Summary: Gaps and Future Research

Based on the analysis of the literature and in line with the study’s
objectives, potential gaps were identified and inform future re-
search directions. The summary of gaps and future research is pre-
sented in Table 6.

By addressing the identified gaps, and following the suggested
future directions, academic research could address some key needs
of practitioners, aiming for improved and reliable management of
earned value. That would help bridge the EVM disconnect between
academia and industry.

Conclusions and Future Research Directions

In this study, a classification of EVM/EVMS literature by themes
was performed, highlighting the body of knowledge and identifying
areas for further research on the topic of ensuring a reliable EVMS.
The paper also introduced the concept and theory of EVMSmaturity
and environment and their impact on project performance. The re-
sulting themes that reflect the up-to-date EVM/EVMS practices and
trend are: (1) History of EVMS, (2) Compliance, (3) Forecasting/
prediction, (4) Application of risk management in EVM/EVMS,
(5) Application of EVMS, (6) EVMS environment, (7) Limitations
and extensions of EVM, and (8) Other topics on EVM/EVMS.

The themes of forecasting/prediction, and limitations and exten-
sions of EVM, and their related recommendations for future research

Table 5. Examples of studies on EVM limitations

Objective(s) of EVM Limitation(s) Extension(s) Reference(s)

Progress measurement Poor progress measurement Earned schedule, EDM Lipke (2011a)
Performance tracking No consideration for dynamic changes

impacted by time extension of projects
Improved EVM framework Siu and Lu (2011)

Quality control in EVMa EVM does not cover the project’s quality EQVM, Quality Earned Value
Management

Ma and Yang (2012), and Ong
et al. (2018)

Cost control Assumptions exist in EAC New methodology for cost estimate
at completion (CEAC)

Narbaev and De Marco (2014)

Schedule control No direct interface with decision-making Multivariate model for EVM Colin et al. (2015); and Colin
and Vanhoucke (2015)

Metrices do not inform well about the
schedule

BIM Kranz (2017)

Scope control in EVMa EVM does not explicitly address scope Earned scope management Valdés-Souto (2016), and Tariq
et al. (2020)

Project control Schedule and cost control warning signals
are inaccurate

Earned incentive metric (EIM) Kerkhove and Vanhoucke
(2017)

EVM data is subjective and uncertain Z-number–based earned value
management (ZEVM)

Hendiani et al. (2020)

Inaccurate indications by time
performance related indexes of EVM and
earned schedule methods

EDM, control charts Votto et al. (2020)

aThis item is not an objective of EVM but an extension to EVM.
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existed in the literature reviews and research investigations con-
ducted earlier than 2012 (Hernández et al. 2013; Chen and Zhang
2012). Newer studies have a narrower focus: Devanshu et al. (2018)
critically reviewed the literature emphasizing only the technical side
(work breakdown structure, scope changes, and modern software
tools); Nizam and Elshannaway (2019) solely focused on EVM lim-
itations and extensions in their review, and proposed a path forward
related to the discussed limitations; and the project control research
trends and gaps identified by Willems and Vanhoucke (2015) are
technical in nature (i.e., test and consider uncertainties in project
control techniques to trigger corrective actions). A number of these
topics were mentioned in an article by Kwak and Anbari (2012) rep-
resenting the perspective of one federal agency (i.e., NASA). How-
ever, none of the recent reviews on EVM/EVMS shed the light on
all of the aforementioned topics in addition to the key topics of
EVMS history, compliance, application, and the EVMSmaturity and
environment dimensions, which represent a novelty of this study.
Furthermore, the exploration and adaptation of EVMS as a socio-
technical system does not exist in any of the previous studies on
EVM/EVMS.

The three themes that contain the highest number of publica-
tions are: forecasting/prediction, followed by application of EVMS,

and limitations and extensions of EVM, whereas the other themes
constitute equal portions of literature (approximately 10%), except
for history of EVMS (3%). The authors found a significant asso-
ciation between these themes and the publication type. The most
significant disconnect between academia and industry is found in
the themes of limitations and extensions of EVM, EVMS environ-
ment, compliance, and history of EVMS; where academics are
more interested in identifying and addressing limitations by devel-
oping new tools and techniques while practitioners are more inter-
ested in working on compliance and environment factors through
following guidelines and best practices. Nevertheless, forecasting/
prediction is the most popular theme in both academic and industry
publications.

Although the number of EVM/EVMS publications have been
relatively stable in the last decade, the focus areas have changed
with time, but forecasting/prediction and application of EVMS
have maintained the majority of the research focus in the last de-
cade. However, publications on application of EVM/EVMS in risk
management and compliance have declined in the last 5 years ver-
sus the previous 5 years. New miscellaneous topics emerged within
the last decade including cost of EVM implementation, deliver-
ables, automated EVM, and buffer control.

Table 6. Summary of EVM/EVMS research gaps and future directions

Theme # Theme Identified gaps Future potential directions

(1) History of EVMS No identified gaps 1. Comparison of EVM and EVMS versus earlier tools (C/SCSC)
(2) Compliance Compliance reviews, oversight and

EVMS certification
2. Standardization of guideline application processes for contractor

compliance evaluation (oversight)
3. Establishing consistency among EVM compliance criteria
4. Tailoring compliance criteria on different types of projects (project

delivery type, project size, industry)
5. Guideline implementation resource needs (costs, administrative and

planning requirements)
6. Maturity assessment of EVMS with its subprocesses
7. Clarity on EVMS subprocesses and their interdependence and

integration throughout the different project phases
8. Compliance success factors and their correlation with project

performance
(3) Forecasting/prediction Accuracy of cost and schedule estimates 9. Development of better estimation models or techniques for improved

visibility of project future performance (e.g., artificial intelligence)
applicable to diverse projects

10. Consideration of different project uncertainties and risks in
forecasting processes

(4) Application of risk
management in
EVM/EVMS

Risk management process integration
with EVMS

11. Formation of guidelines and standards to integrate risks with EVMS
12. Risk-based decision-making models with the use of EVM

information
13. Development and validation of risk performance metrices on large

data of real-life projects
14. Use of management reserves, cost and schedule contingency

reserves in EVM
(5) Application of EVMS Addressing the challenges of EVM in oil

and gas and software industries, and
application of EVM in agile projects

15. Exploration of EVM application in agile project environments
16. Comparison of EVM application to different project contract types,

industries contractual requirements, size and scope, and tailoring
requirements with associated challenges

17. Case studies of EVM guidelines and standards application
(6) EVMS environment Assessment frameworks of EVMS

environment
18. Objective assessment models of EVMS environment factors
19. Correlation of EVMS environment factors with project performance

or success
(7) Limitations and

extensions of EVM
Testing of EVM extensions 20. Tests of EVM extensions on large and diverse real-life project data

21. Further EVM extensions to address scope, scope changes and
project quality

(8) Other topics on
EVM/EVMS

EVMS implementation costs, EVM
deliverables, planning for EVM, automated
EVM in various types of projects and
industries, automated risk management
integration into EVM, buffer control

22. Further studies looking at the identified gaps under the theme of
“Other topics on EVM/EVMS”
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The authors acknowledge that some limitations may exist in this
paper. First, only studying publications with “earned value manage-
ment” or “earned value management system” terms spelled out in
the title or abstract might have caused overlooking interesting ar-
ticles around the earned value method. Second, some publications
in different academic search engines and industry databases were
not considered in the analysis. Nevertheless, the review and clas-
sification methodology can be replicated on any other EVM/EVMS
focused literature source beyond this scope, and the review could
be compared to the outcomes of this study. Furthermore, the review
started with the following objective in mind: introducing the new
perspective of EVMS maturity and EVMS environment as varia-
bles that contribute to a reliable EVMS. However, the findings re-
vealed only one recent publication that identifies the challenges
faced while trying to achieve a compliant EVMS and highlights
how ensuring maturity across the EVMS subprocesses helps with
that. While the concept of maturity was mostly missing from the
recent academic EVMS literature, the review showed a number of
industry publications introducing environment factors.

Accordingly, to advance the state of the art and help practitioners
better manage their large and complex projects and programs, the
authors recommend performing more research on EVMS maturity.
Moreover, and since surveillance, EVMS certification, and compli-
ance reviews against guidelines and standards, are all important for
the success of a project and program, there is a need to investigate
their consistency, costs, administrative efforts, and associated proc-
esses. This is necessary because these practices can impact the matu-
rity level of the system, thus influencing its reliability.

As mentioned throughout the analysis, there is a need to have a
consistent method that helps project and program stakeholders as-
sess their EVMS maturity and compliance. The maturity of an
EVMS may be gauged by evaluating the maturity of its subpro-
cesses, as a basis to develop assessment frameworks using EVMS
guidelines to evaluate maturity at different phases in a project or
program’s life cycle such that the assessment helps identify the
shortcomings of the system’s compliance with EVMS guidelines.
The industry’s use of a common assessment framework could also
help in achieving coherent interpretations of the guidelines. Such
EVMS maturity assessment results would allow the project and
program stakeholders to identify deficiencies and work toward im-
proving their project.

Although several environment factors were identified in the lit-
erature, there is no single consistent framework that encompasses
the criteria of the most influential factors. This highlights the need
to develop a comprehensive framework to assess the EVMS envi-
ronment at different phases in a project and program life cycle; the
assessment could identify the people, culture, practices, and resour-
ces problems that need to be resolved.

In line with these recommendations for future EVMS research
directions, the EVMS assessments’ frameworks can be developed
as automated tools. They need to be consistent, timely, objective,
and compatible with various types of contracts and projects and
programs as well as usable by both project owners and contractors.
Such a method can allow the project and program decision-makers
to rely on potential early warnings from the assessments to either
plan for corrective actions to mitigate cost overruns and schedule
delays or plan for preventive procedures to avoid such issues. Such
assessments are opportunities for establishing interactive and pro-
ductive communication between stakeholders, as well as develop-
ing strategies for successful and effective management of projects
and programs. They further create possibilities for benchmarking
the current project with previous projects and learning lessons
for continuous improvement. Even though EVMS has multiple
proven benefits to projects and programs, the correlation between

its successful implementation and the probability of project and
program success needs to be investigated quantitatively, which is
an opportunity for a new line of research around EVMS.

Other than the suggested recommendations around EVMS matu-
rity and environment, and based on the findings of this paper, the
authors recommend conducting more academic studies in the fol-
lowing areas to improve EVMS reliability: development and use of
contingency reserves, implementation of EVMS in agile contexts,
cost of EVM implementation, management of EVMS deliverables,
effective planning for EVM, automated EVM focused on decision-
making, change control, and EVMS integration with subcontract
management. There are also opportunities to use technology such
as machine learning techniques to improve proactive project control
management, similar to how previous research used artificial intel-
ligence in cost and schedule predictions (Wauters and Vanhoucke
2016; Willems and Vanhoucke 2015). This can be done by the de-
velopment and use of large data sets from different types of projects.

The authors believe that the aforementioned avenues for future
research will make a considerable impact on the EVMS state of
the art and industry practice, some of which is tied to best practices
for scheduling, estimating, and work breakdown structure develop-
ment, among others (DoD 2020; GAO 2019; Richey 2017). Finally,
the paper highlighted different components of a reliable EVMS,
which should account for both technical and social components.
Through this examination of the existing literature, the authors val-
idate that a reliable EVMS is a “sociotechnical system” where tech-
nical and human elements are interrelated, affect one another, and
can contribute the success of the system.

EVM is viewed by many experts as a great means to control and
manage complex projects. It is a topic with tremendous amounts of
research and publications. The literature has extensively studied the
technical side of EVM/EVMS; this state-of-the-art review shows
that there are many other aspects that need further attention to
achieve a significant level of EVMS reliability.
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