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A SCIENTOMETRIC ANALYSIS
OF PROJECT MONITORING LITERATURE

Earned Value Management (EVM) is an approach used to measure and analyze the schedule and
cost performance of projects. This study reviews the progress of academic knowledge in EVM by con-
ducting a scientometric analysis of the field and aims to provide an overview of the current state of
research and main trends. The research methodology comprises a 4-step framework: search, appraisal,
synthesis, and analysis. The science mapping software CiteSpace® and VOSViewer® were used to
construct and visualize scientometric maps. The findings show that the EVM literature has grown and
become popular in the last decade. The findings also suggest that the studies shifted their focus from
simple EVM applications to the ones proposing advanced models, mostly for time and cost forecast-
ing, under uncertainty. The paper summarizes and discusses the main findings from the literature and
highlights the perspectives for future research in the field. The findings of the study will be helpful to
project managers to get necessary insights regarding the management of their projects by the EVM
technique.

Key words: scientometrics, Project Management, project monitoring, Earned Value Management.
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JKo6a MOHUTOPUHTi 6OMbIHLLIA dAEOMeTTepA
FbIABIMU-METPUSIABIK, TAAAQY

UrepiareH KyHAbl 6ackapy (EVM) — xxob6arapAbiH MEP3iMi MEH KYHbIHbIH TUIMAIAITH GaraAay yiliH
KOAAQHBIAATBIH BAIC.

BYA FBIABIMM >KYMBIC 3€pPTTEAeTiH ayMakTa FbIAbIMU-METPUSABIK, TAAAQY >KYPridy apkpiabl EVM
CaAaCbIHAAFbl aKAAEMMSIABIK, OIAIMHIH IATEpiAYiH 3epTTenAl KOHe 0Cbl GaFbITTaFbl FbIAbIMM €EHOEKTEPAIH
epeKkueAiKTepi MeH TPEHATEPiHe LIOAY >Kacayabl MakcaT eTeai. 3epTTey sAiCTeMeci Keaeciaen TepT
Ke3eHHEeH TypaAbl: i3aey, Oarasay, cMHTe3 »aHe Taaaay. CiteSpace® xxeHe VOSViewer® 6araapaamanblk,
»KacakTaMaAapbl FbIALIMMOMETPUSABIK, KAPTaAaPAb! KYPY XaHe BU3yaAmu3aumsiAay YLUiH NaiAAAQHbIAABI.
3epTTey HaTMXKEAepi COHFbl OHXbIAAbIKTA EVM aaebueTi anTapAbikTail OanblTbIAFAHbIH K8He
TaHbIMaA 60Aa 6acTaraHbiH kepceTeai. CoOHbIMEH KaTap Kasipri TaHAQ OCbl CaAaAafFbl 3ePTTEYAEPAIH
6acbiM KenuwiAiri kapananbim EVM koaaaHb6arapbiHaH GeAriciaik >karaanbliHAA XKo6a Mep3iMi meH
OHbIH, KYHbIH GOAXay YLiH KEHEMTIATEeH YATIAEpPAI YCblHATbiH 3epTTeyAepre ayblCKaHblH KOPCETEAI.
JKymbicTa 3epTTey TakbipblOblHa Cail 9AEOUMETTEPAEH aAbiHFAH HEri3ri KOPbITbIHABIAAD XXMHAKTAAbII,
TAAKbIAQHAbI XKBHE OCbl CaAaaarbl GOAALLIAK, 3ePTTEYAEPAIH NMEepPCreKTUBaAbl GarblTTapbl GEAriAEHAI.
3epTTey HaTHXKeAepi XKoba MeHeakepAepiHe EVM aaici apkbiabl )kobGarapbiH 6ackapy TypaAbl KaXKeTTi
aKmapatTbl aAy YiliH nanaasbl 60Aasbl. CoOHbIMEH KaTap 3epTTey >KYPrisy yiliH OCbl CaAaAafFbl ©3€eKTi
TaKbIPbINTap MEH MOCEAEAEPAI alKbIHAAYFa MYMKIHAIK 6epeai.

Tynin ce3aep: FbiAbIMU-METPUS, X0OaHbl 6ackapy, >06a MOHWUTOPUHII, WUrepiAreH KyHAbl
6ackapy.
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HaykomeTpuueckuit aHaAM3 AMTepaTypbl
N0 MOHUTOPUHIY MPOEKTOB

YnpaBAeHWe 0CBOEHHOM CTOMMOCTbIO (EVM) — 3T0 MOAXOA, MCMOAb3YEMbIA AAS OLLEHKM CPOKOB U
3¢hphEKTMBHOCTM CTOMMOCTM MPOEKTOB. B 3TOM MCCAeAOBaHMM paccMaTpPUBAETCS NMPOrpecc akaAemm-
YecKMx 3HaHWin B 06AacTM EVM nocpeACTBOM MPOBEAEHUSI HAYKOMETPUYECKOTO aHaAM3a B UCCAEAYE-
MoI obAacTw.

LleAblo MCCAEAOBAHUS SIBASIETCSI aHAAM3 CYLLECTBYIOLIMX HAyYHbIX MCCAEAOBAHUI M BbISIBAEHME OC-
HOBHbIX TPEHAOB B AAQHHOM 06AACTN. METOAOAOTMSI MICCAEAOBAHUS COCTOMT M3 YETbIPEX 3TArOB: MOMUCK,
oueHKa, cMHTe3 1 aHaams. [MporpammHoe obecneyermne CiteSpace®, a takke VOSViewer® 6biAn mc-
MOAb30BaHbl AASI TOCTPOEHUS M BU3YaAM3aLMM HAYKOMETPUYECKMX KapT. Pe3yAbTaTbl MOKa3bIBAIOT, YTO
avTepaTypa no EVM 6biaa cylectBeHHO oboraliieHa M CTaAa MornyAspHOM 3a MOCAEAHEE AECSTUAETHE.

Pe3yAbTaTbl Tak>ke MOKasblBalOT, YTO MCCAEAOBaHMS CMECTUAM aKUEHT C MPOCTbIX MPUAOXKEHMI
EVM Ha Te, KoTopble NpeaAaraloT pacliMpeHHble MOAEAM, B OCHOBHOM AASI MPOrHO3MPOBaHMs CPOKOB
M CTOMMOCTM MPOEKTOB B YCAOBMSIX HEOTNPEAEAEHHOCTU. B MccAeA0BaHMM 0606LLAI0TCS M 06CYXKAQIOT-
CSl OCHOBHbIE BbIBOAbI M3 AMTEPATYPbl, a Tak)Ke OCBELLAIOTCS MePCreKkTHBbl BYAYLUMX UCCAEAOBAHMIA
B 3TOM 06AaCTU. Pe3yAbTaTbl MCCAEAOBAHUS OYAYT MOAE3HbI AAS PYKOBOAUTEAEN MPOEKTOB C LEAbIO
MOAYYEHUSI HEOOXOAMMO MHbopMaLMK 06 ynpaBAEHUM MPOEKTaMM C MOMOLLIbIO MeToaa EVM. K Tomy
>Ke, pe3yAbTaTbl U BbIBOAbI MOMOIYT BbISIBUTb akTyaAbHbl€ 1 MEPCrNeKTUBHbIE HArMpPaBAEHMS B AAQHHOWA

00AACTM AASI IPOBEAEHMS HOBbIX MCCAEAOBAHMIA.

KatoueBble cAoBa: HayKOMETpMS, yripaBAeHMe MPOeKTaMu, MOHUTOPWHI MPOEKTa, yrpaBAeHUe OC-

BOEHHOW CTOMMOCTbIO.

Introduction

Project performance management remains
problematic despite many decades of practice and
academic research. Empirical evidence suggests
that projects do not generally achieve the required
scope, are often late, and perform poorly on the
quality of deliverables and cost budgets (Padalkar
and Gopinath, 2015). This research is focused
on Earned Value Management (EVM) system
since project professionals accept it as one of
the most valuable performance measurement
and feedback tools. The tool reveals deviations
in project cost and schedule plan throughout
the project execution phases. According to
Project Management Institute (PMI), EVM is a
management methodology for integrating scope,
schedule, and resources to objectively measure
project performance and progress and forecast
project outcomes (Practice Standard for Earned
Value Management, 2011).

This study provides a scientometric analysis of
the EVM academic literature. The study answers
questions about how the EVM research field has
been evolving since it was adapted as a practical
tool in project control and monitoring in the 1990s.
It also provides an overview of the current state
of research and main trends using scientometric
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analysis. Notably, it focuses on citations, keywords,
and clusters analysis to further study the most cited
articles.

According to Willems (2015), the Ilast
comprehensive scientometric review in EVM was
done by Christensen et al. (1995). This research aims
to update the progress of academic knowledge in
EVM up to the 2020 year and answer the following
research questions:

1) What are the main research clusters in the
EVM field?

2) What are the main research focus and trends
in the field of EVM?

3) What are the top-cited studies by citation
analysis?

The findings of the study will be helpful to
project managers to get necessary insights regarding
the management of projects.

This study is organized in the following way.
The background research section provides short
information about the basic concepts of EVM and
past studies. The materials and methods section
describes the steps used to search and analyze the
scientometric data and the software used to build
networks and visualize the literature. The results and
discussion section presents the results of the research
work and interprets the findings in the analysis. The
last part is the conclusion, which summarizes the
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main findings and outlines recommendations for
researchers.

Background research

The concept of EVM in project monitoring and
control has been widely studied globally for the last
decades and has become a subject of interest for
many project managers. Furthermore, as mentioned
before, EVM is recognized by organizations and
project professionals as an essential and valuable
tool for efficient project control and monitoring.
However, according to research work on identifying
the maturity level of Kazakhstani organizations,
performed by Narbaev (2015), most companies
still have a massive number of failed projects in
their portfolio. The research results say that PM
tools and methodologies have not been effectively
used in Kazakhstan. This leads to the situation
when organizations are let each project run with its
procedures and processes without unified standards
set in an organization. Consequently, it leads to
poor performance during the project control and
monitoring stage (Ziyash, 2018).

The importance of retrieving accurate and
meaningful project performance indicators like cost
and schedule for support decision making in project
management and forecast project results is one of the
main topics considered in the literature. Regarding
the fact that EVM can also be used to forecast
the resulting project outcomes, Vandevoorde
and Vanhoucke (2006, 2007) developed three
forecasting methods based on EVA metrics and
compared them in terms of prediction accuracy.
Narbaev and De Marco (2014b), in their research,
integrate statistical methods into analysis to enhance
the prediction performance of EVM.

As for risk management, Pajares and Lopez-
Paredes (2011) developed two metrics that assist
project managers in differentiating project over-runs,
whether they are structural or normal deviations. As
stated above, the main advantage of applying the
EVM tool for project monitoring is in support of
decisions that need to be taken by project managers
in case of deviations. Aliverdi et al. (2013) and
Acebe et al. (2014) used simulation and statistical
control charts to enhance decision-making. To
achieve project targets, hedging uncertainty is
equally essential with risk analysis. With regards to
this, Naeni and Salehipour (2011) described percent
completions as fuzzy numbers and used fuzzy set
theory for estimating project performance. As
stated by De Marco et al. (2016) in their research
work, forecasting costs with EVM and managing

contingency budget, as a rule, are considered two
different paths in project management research.
They attempted to highlight risk impact on cost
forecast by CEAC methodology adjusted with risk
contingency.

Regarding the popularity of EVM in various
industries, Naderpour (2011) found out that project
control tools are commonly used in the construction
area. De Marco and Narbaev (2013) contributed to
the diffusion of EVM as a practicable methodology
to control and monitor construction projects. They
revealed that the European construction industry
is lagging behind other developed countries, even
though EVM in construction projects was found to
be applicable, adaptable, and predictive of integrated
final cost and schedule. They outlined that CEAC is
forecasted by only CPI, while the earned schedule
concept is revealed as an accurate predictor for the
TEAC.

Despite the evident fact of the advantages
of application of EVM methodology in project
control and monitoring process, Besner and Hobbs
(2006), in their research work, wrote there is a
lack of use of the EVM though being intensively
studied (Ziyash, 2018). This can be explained by
the fact that project managers are faced with several
constraints in applying EVM in real work. Hall
(2012), in his research, attempted to summarize the
main factors that caused it. According to him, one
of the problems is ignorance of behavioral aspects
of management. Another factor is that critical and
non-critical activities are not differentiated and are
assumed as independent activities.

The importance and effectiveness of EVM in
application to project control and monitoring are
mentioned in most research articles. For example,
in his book, Solanki (2009) says that to provide the
management with valuable information required by
program management for effective control contact of
project, EVMS should be implemented. Giammalvo
(2007) shared his experience and observations
in PM World Today journal of the interrelation
of countries perceived as not being corrupt and
the adoption by that country of EVM. The result
shows that those countries that adopted EVM as
the methodology in project control and monitoring
early show “clean” project management. Further
in his studies Giammalvo (2013) concludes that
EVM, used appropriately in the execution stage of
project management as a project measurement tool,
can provide us a solution to ensure that the project
is “successful” — without cost overruns, delays in
schedule, and according to quality and contractual
requirements. But most important, Giammalvo
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says, EVM help to identify problems when there
1s a sufficient timeframe to resolve them, and if
addressed actions have not been applied to resolve
these issues, EVM provides a clear audit trail to
identify those contractors who should be legally
and financially accountable for the failure (Ziyash,
2018)

Materials and methods
The scientometric method for quantitative

analysis of academic publications’ content has
been applied to achieve the study’s objectives.

The science mapping software CiteSpace® and
VOSViewer® were used to construct and visualize
scientometric maps.

The research design is depicted below in Figure 1.

As shown in Figure 1, the analysis consists of
four sections. The first section evaluates the status
of the EVM research and knowledge by an overview
of the extracted data set. Then, the paper provided
a cluster analysis created a citation network of
scientific publications relevant to EVM. The work
also provides an overview of the research front and
focuses on analyzing keywords. Finally, the study
assesses the most cited works in EVM research.

| Sl of the status of the EVA research and

knowladms

Cluster susnbvsis of ceated ciiaton petwork of
scicidific publeations relevant o VA

Crverviesy on the resenrch Iroad and Tocns by aalvss

of kevwvards

Analysis of e most cited works i EVAL research

Figure 1 — Research design of the current study
Note — designed by authors

The research methodology is based on Rezende
et al. (2018) approach, depicted in Figure 2. The
method implies proceeding with data analysis
through 4 step framework: search, appraisal,
synthesis, and analysis, abbreviated as SALSA and
suggested by Booth et al. (2013).

Data collection and appraisal

The Scopus database was used in the first
stage of this research. It was compared to another
frequently used scientific source — Web of Science.
During the comparison, it was found that the Scopus
database found more topic-related papers rather
than Web of Science by using the same keywords in
a search query, 316 against 185. According to Booth
et al. (2013), every search has the potential risk of
missing relevant articles or papers if wrong search
parameters were used. Therefore, to minimize
this risk in the search for relevant articles in the
project control and monitoring area, the following
combination of words have been used: “earned
value management” OR “earned value technique”
OR “earned value analysis” OR “earned value
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method*”. The search covers the title, abstracts, and
keywords, and only article and review document
types have been chosen. Books, conference papers,
and other types of sources were withdrawn from the
search. As a result, 316 documents for October 25,
2019, published from 1985 to 2019, were extracted
for further analysis.

Data synthesis and analysis

The data set extracted in the previous step is
used as input data for the CiteSpace® software
in the next stage. Chen develops the tool.
The VOSviewer® software is a tool created
for establishing and examining scientometric
network maps like a scientific network of authors
or studies based on cited references data or
establishing a network of keywords based on co-
occurrence information (Eck, N. J., Waltman, L,
2009). CiteSpace® is a software developed to
help in scientometric research work with visual
explorations of patterns and trends transmitted
by the body of literature. During this step, all 316
articles and cited references are linked together
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with the help of mentioned software to form a
citation network. Creating a citation network
with further visualization allows identifying main
patterns in the research field during the years,
forming EVM studies intellectual base by citations
examination, and creating EVM research clusters
with visualization. The co-occurrence of key terms
chosen by authors and published journals form
clusters of research focuses and trends during
the years in the network. As for citation bounds,
the network helps to reveal to most cited works,

et Dyl Sl

=
\ 4
—

thereby forming the foundation of the EVM study.
The citation network itself was examined according
to structural metrics: modularity and silhouette.
According to Chen, modularity is a quantitative
characteristic of a network that has ranged from 0 to
1, and it shows the strength between blocks which
form a network (Chen et al., 2010). With greater
modularity, a better structure of the network. The
silhouette is an indicator that varies between -1
to 1, and it shows uncertainty in forming clusters
(Chen et al., 2010).

o
G
o>

Analysis and interpretation

Figure 2 — The SALSA methodology approach (adapted from Rezende et al. 2018)

Along with the structural metrics, the created
network is also characterized by temporal metrics
such as burst detection and betweenness centrality.
It shows when a citation or keyword in # article has a
considerable score, evidence of a change of interest
in the particular work. The betweenness centrality
metric measures “the extent to which the node is in
the middle of a path that connects other nodes in
the network” (Chen et al., 2010, p.8). The visualized
data network and its structural and temporal metrics
reveal characteristics and patterns in the EVM
research field.

The last stage was the analysis of the created
networks. It describes the meaning of patterns and

information elicited from the synthesis stage with
mentioned above software. The whole analysis helps
to understand how project control and monitoring,
earned value management field evolved during
the years and set up a direction for future research
trends.

Results and discussion

General findings from the data set

The data set extracted from the Scopus database
on October 25, 2019, contains 316 articles and
review papers from well-recognized published
journals. With further analysis in Scopus, it has
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been found that 1659 documents cite selected 316
articles. Document sets represent research works in
the range of date from 1985 to 2019 from various
subject areas, where the top three are Engineering
(181), Business, Management and Accounting (129),
and Computer Science (78). The last three subject

Crthenr (485}

Eeanemics, ECan.., |:1:"E\"u] i

Aria s Homai,.., |:l-.|"'.=.i'..:| . 1;% I.I
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Ervirommental 5. (3.69)
Mathematics {4.09%)

Decizsion Schenc.., (5.29) —

l:':lrnpul.l-lr Cetane... il;l:lq{'.:l -

areas are Energy (10), Arts and Humanities (6), and
Economics, Economy (6). The other areas contain a
substantially small number of research works, and
as shown below in Figure 3 overall index does not
exceed 5% of the total amount of EVM research
works.

= Enginesring (34.7%)

Buginess, Manag... IJQ.H";H'.:I

Figure 3 — Distribution of EVM articles by Scopus-defined subject areas
Note — designed by authors

Figure 3 illustrates how EVM has become a
subject of interest to researchers over the years. As
mentioned in part 2 of this research work, EVM was
developed further from the 90s, and Figure 4 reflects
its progress. It is an interesting remark that after the
first work in this research domain published in the
Journal of Management and Engineering, “Earned
value technic for performance measurement”
(McConnel, 1985) was a period of silence until the
mid-90s when several works continued study. In the
period until 2001, not many articles were published
by researchers. However, after 2002, the number
gradually rose until 2006 and fluctuated slightly
by 2012. The last years in the graph show that the
EVM research field has become a popular subject of
interest among researchers.

The infographic below shows the most
productive authors of articles extracted from the
data set. It has been revealed that Vanhoucke, M.
has published 27 articles in the EVM research field,
which is the greatest number compared to other
authors. The next follows Bagherpour, M with 15,
Kim B.C, and Lipke W. with ten research works
accordingly. Four authors Colin J., Martens A.,
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Narbaev T., and Salari M., have the same number of
published works — 5.

The most popular journals where authors
published their works are presented in Table 1. As
can be seen from the table, “International Journal of
Project Management” published 30 EVM research
filed related articles, the highest score among all.
The “Journal of Construction Engineering and
Management” is less below the number of 27 works,
which is understandable given that the construction
field is one of the industries that incorporated EVM
at an early stage.

Findings from the EVM research clusters
analysis (RQ1)

The citation network presented in Figure 6
provides information about citation links between
research works in the earned value management
field. The links establish 6 clusters by the main
focuses in the articles with a modularity Q=0.55,
which index of a well-structured network, and the
mean silhouette score of 0.35, which indicates a low
uncertainty level involved in identifying the nature
of its clusters.
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Figure 5 — Top 10 authors in the EVM field

Table 1 — Top 5 journals that publish EVM articles

FERS

Y s n

No. Source title Number of articles
1 International Journal of Project Management 30
2 Journal of Construction Engineering and Management 27
3 Crosstalk 18
4 Journal of Management in Engineering 9
5 Automation in Construction

The network and formed clusters are presented
in Figure 6. Circles can vary in size, depending on
the number of citations they received. The bigger

circle is, others more cited the document. The
document circles are allocated on different layers,
and it depends on the citations represented on a
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single timeline, which shows how the document
has been analyzed over time. Some of the circles
are outlined with a bold pink line indicating the
betweenness centrality score.

As can be seen from the picture, the range of the
themes covered by the abstract terms, namely: “#0
project control process”, “#l value technique”,
“#2 stochastic analysis”, “#3 non-deterministic
condition,”, “#6 forecast-risk compatibility check”
and “#9 green building”. The most discussed topic
is “#0 project control process” and the cluster
explorer shows that the mean year of discussion
is 2011 and cover 39 documents with coverage of
aspects such: as project, ability, actual performance,
tolerance limits, system, actions, project control,
baseline schedule, duration, database, project
cards, project data, actual performance, project,
forecasting methods, approach, variation, warning,
and stability. The “#I value technique” cluster
has a mean of 2007. It covers 37 documents with
a discussion of important topics such as project
performance, tracking approach, top-down project,
project performance measurement, risk analysis,
project managers attention, project tracking,
project progress, implementing EVM, working
flowchart, project performance, construction, fuzzy
logic, advantages, scheduling, z-number theory,
and top-down project. The cluster “#2 stochastic
analysis” in the cluster explorer show information
about research focuses for mean 2013 year in 30
articles: uncertainty; stochastic analysis; work
items; budget; decision-makers; points; critical

path; complex projects; work item; to-completion
forecasts; completion; cost performance; date; cost
projection; prediction; unique features; popular
method; prediction accuracy; cost prediction.
The most recent mean for the 2015 year “#3 non-
deterministic condition” rtevealed the following
research focuses: completion; predictive power; cost
overrun probability; cost data; approach; objective;
future status; review; conceptual framework; critical
infrastructure project; project completion time;
non-deterministic conditions; approach; purpose;
practical implications; EVM method; actual physical
completion percentage; cost overrun probability;
objective; future status. The last two themes, “#6
forecast-risk compatibility check” and “#9 green
building, ” are relatively smaller clusters, as shown in
Figure 6, that are allocated along the edges of the main
array and have a mean 2011 year for research focuses.
“#6 forecast-risk compatibility check” cluster’s key
terms are research; implementation; NASA; future;
government; application; management; programs;
effectiveness; forecast sensitivity; effectiveness;
compatibility check; forecast-risk compatibility
check; forecast-risk compatibility; framework;
forecast  sensitivity;  database;  construction.
Moreover, for the last “#9 green building,” the key
terms are green buildings; energy; cost deviation;
value approach; green building; buildings; individual
project; criteria; moment; early cost; procedure;
continuous improvements; decision-making; criteria;
organization; organizations; early cost; green
buildings; green building.

#3 non-deterministic condition

#1 value technique

#6 forecast-risk compatibility check

#3 green bullding

)

#2 stochastic analysis

#0 project control process

Figure 6 — Main clusters of the EVM literature
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The further analysis of the network presented
in Figure 6 with additional data from Figure 4
indicates three periods in the life of the EVM
research field. The first can be described as early
works in the EVM research field from 2003 to 2009.
Those articles introduced some important ideas
related to EVM methodology and implementation
in the project monitoring process as a beneficial tool
that project managers should approach. The second
period of EVM research is in the range of 2009 —
2015 years characterized by further development
of EVM research and contains discussion about
project control process, implementation of statistical
analysis in the forecasting of project performance
and risks. The last and current period from 2015
to 2019 revealed discussions about improving
time and cost prediction in projects with uncertain
environments, which can be complex infrastructure
projects.

Findings from the analysis of the main research
foci and trends (RQ2)

This research work aims to answer the next
question: what are the main research focus and
trends in the EVM field? The change of the focus

Table 2 — Top keywords representing the EVM field

in the research field can be distinguished by
analysis chosen by authors or publishing journals
keywords. As can be seen from Table 2 below,
CiteSpace software distinguished the most cited
over the three decades’ keywords. The keywords
project management, value engineering, earned
value management, and budget control has been
most mentioned in research works in the EVM
field. They revealed concern about the importance
of control measurements in project management,
especially the earned cost. The keyword cost, in
general, is trendy among chosen authors front term
is used to describe the value of EVM application.
Other keywords such as forecasting, estimating,
and analysis are used to describe EVM as a tool
that helps to plan the financial aspect of the project
and help to predict any deviations from planned
estimations. The following most occurred keyword
is the schedule. Risk assessment and management
were associated with a research focus on project risk
management and how EVM can be helpful in risk
analysis and measurement. Construction project and
construction industry keywords gave sensemaking
about the most popular industry among researchers
to apply EVM methodology.

Keyword Occurrence Keyword Occurrence Keyword Occurrence
project 164 project control 30 construction 18
management project
. . 162 earned value 27 construction 17
value engineering . .
analysis industry
budget control 158 scheduling 23 risk management 15
carned value 139 cost and schedule 21 simulation 13
management
cost 3 decision making 21 cost estimating 1
earned value 32 earned schedule 21 estimate at 11
completion
forecasting 38 project 20 project manager 1
performance
cost-benf:: it 30 risk assessment 20 schedule control 11
analysis

Some of the keywords from Table 3 received
more attention from researchers during the specified
time range. The identification of keywords frequency
made by a special option in the CiteSpace software
and algorithm was calibrated to present all keywords

trending over the whole period. Figure 7 presents 19
keywords with burstiness strength scores and time
range with the greatest attention as we can see the
last trending keywords highlighted research topics
such as life cycle, cost analysis, risk perception, and
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schedule control. The keyword life cycle introduced
the general attention to EVM application in the
project control and monitoring field. Enhanced
quantitative analysis methods in EVM methodology
are leading interestin cost analysis, risk management,
and schedule control. The revealed discussion from
research works and the recently from the 2015 year

burst terms draw the trends of the research front in
the EVM research field, shed light on the research
that is being done now and what can be anticipated
shortly. Recent trends show that attention has
been raised to enhancing methodology in cost and
schedule control and scrutiny of EVM from risk
management.
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Figure 7 — Keywords citation burst during 1996-2020

Findings from the analysis of the top-cited
studies (RQ3)

This part of the analysis is aimed to answer the
third question of thesis work by identifying the most
cited research works by citation analysis.

While the research front cover state-of-the-art
in the field, the intellectual base is composed of the
most frequently cited research works and, according
to it, represents the foundation of this research field
(Chen, 2006). The composed citation network in
the CiteSpace application graphically highlights the
interrelation of research works in the EVM field.
The importance of each article in the foundation of
the intellectual database can be determined from the
citation count in the composed network. As shown
from Figure 6 of part 4.2 in this research work, the
most cited articles have larger circles on the map,
and Table 3 reflects them in a list with details of
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citations count, authors, the title of research works,
and date of publications. The list represents the top
17 cited articles ranging from the highest number of
citations to fewer. In order to highlight the studies
that significantly contributed to the development
EVM research field and to understand how
researchers used others’ findings to elaborate them
further, articles will be summarized from the oldest
to the newest.

The seminal work of Vandervoorde and
Vanhoucke (2006), as one of the earliest works
in the EVM research field, contributed to the
development of duration forecasting. They argued
that traditionally EVM was focused only on cost
management. They also noted that EVM was little
applied to project duration control using classic
SV and SPI performance indicators and presented
newly developed indicators SV(t) and SPI(t). They
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were used for forecasting duration applicable in
different project situations. Following this research,
Vanhoucke and Vandervoode (2007) published an
extensive study simulation using their indicators
for enhanced project forecasting. Their research

demonstrated careful control of the project
uncertainty, dependency on the accuracy of the
forecasts from the project network structure, and the
timeframe where the EV-based measures provide
accurate and reliable results.

Table 3 — Most cited articles in the EVM field (the articles that received at least 10 citations are shown)

Rank | Citations Reference Title
1 41 Lipke (2009) Prediction of the project outcome. The application of §tat1st1cal methods to earned
value management and earned schedule performance indexes
) 27 Vanhoucke (2011) On .the dynamlc use of project performance and schedule risk information during
project tracking
Khamooshi (2014) EDM: Earned Duration Management, a new approach to schedule performance
3 25 management and measurement
Elshaer (2013) Impact of sensitivity information on the prediction of project’s duration using earned
schedule method
4 23 Colin (2014) Setting tolerance limits for statistical project control using earned value management
. An extension of the EVM analysis for project monitoring: The Cost Control Index
s 19 Pajares (2011) and the Schedule Control Index
Vandervoorde (2006) A comparison of different project duration forecasting methods using earned value
metrics
6 17 Narbaev (2014a) | An Earned Schedule-based regression model to improve cost estimate at completion
7 16 Aliverdi (2013) Mon.ltorlng project duration and cost in a construction project by applying statistical
quality control charts
g s Vanhoucke (2010) | Using activity sensitivity and network topology information
Vanhoucke (2007) | A simulation and evaluation of earned value metrics to forecast the project duration
Batselier (2015) | Construction and evaluation framework for a real-life project database
9 1 3 . . . . . . 5
Acebes (2015) .Stochastlc': earned value analysis using Monte Carlo simulation and statistical learn
ing techniques
10 12 Naeni (2011) A fuzzy approach for the earned value management
11 11 Wauters (2014) Support Vector Machine Regression for project control forecasting
. A comparison of the performance of various project control methods using earned
Colin (2015)
12 10 value management systems
Chen (2016) Earned value project management

Alongside the recent technique proposed by
Vanhocuke and Vandervood, Lipke (2009), in his
research work on improvement in the prediction of
project outcomes, proposed mathematics of statistics
in the methods of predictions and testing. His
research work aimed to provide a reliable forecasting
method of the final cost and duration. This method
was studied and tested using the data of 12 projects.
Vanhoucke (2010), in his article “Using activity
sensitivity and network topology information to
monitor project time performance,” performed a
simulation study to measure the ability of sensitivity
metrics to improve the time performance during
the project execution dynamically. In the following

year Vanhoucke (2011) studied two alternative
project tracking methods how they are efficient in
early problem detection and the quality of corrective
actions. Notably, he reviewed bottom-up and top-
down project tracking approaches and, as a result
of computational analysis, concluded that the top-
down project tracking method is effective for project
networks with a serial activity structure.

In contrast, a bottom-up approach performs
better in a parallel structured project network.
Pajares (2011) introduced new indexes Cost Control
Index (CCI) and schedule control index (SCI), that
combine EVM and Project Risk Management in
project control and monitoring. Naeni (2011), in
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the same year, developed a new fuzzy-based earned
value model with the advantage of developing
the EVM indices and the time and cost estimates
at completion under uncertainty. Elshaer (2013)
continued the analysis of activity sensitivity
proposed by Vanhoucke (2011) and, in his research
work, studied the impact of the activities’ sensitivity
information on the forecasting accuracy of the
Earned Schedule Management method. Aliverdi
(2013,) to uncover the capability of reporting
accepted cost and time deviations in EVM, applied
statistical quality control charts to monitor earned
value indices in real construction projects. Narbaev
and De Marco (2014a) proposed a new CEAC
method based on a modified index-based formula
predicting expected cost for remaining work, the
Gompertz growth model with nonlinear regression
curve fitting.

Khamooshi and Golafshani (2014) stated about
the dominance of EVM with recently extended
technique to track the schedule and developed new
Earmned Duration Management in their research
work. Colin (2014), likewise Aliverdi (2013),
studied the accepted level of deviations in his
research work and presented a new statistical
project control procedure that sets tolerance limits,
which improves the ability to trigger actions when
deviations in project progress exceed certain

predefined thresholds. Wauters and Vanhocke
(2014) compared the Support Vector Regression
(SVR) model with the best-performed EV and ES
methods in the analysis of project forecasting. They
found that SVR outperforms available forecasting
methods. Batselier and Vanhoucke (2015), for their
research work, created a real-life project database.

Furthermore, to ensure the quality of the project
data, the database construction and evaluation
framework was developed. Acebes et al. (2014), in
their research work, proposed several refinements
to previous EVM and risk analysis methodologies
using refinements in previous methodologies. A
new project control approach is likewise presented
by Colin and Vanhoucke (2015) in their research,
where they combine elements of top-down and
bottom-up control. For this purpose, they integrated
EVM/ES method with multiple control points
affiliated with critical chain/buffer management.
Chen (2016), in his research, suggested using a
straightforward modeling method for improving
the predictive power of PV before executing a
project.

Some research works received considerable
attention from authors during specific periods,
notwithstanding the highest citation scores received.
Those works presented in Figure 8 are obtained from
burstiness analysis in the CiteSpace application.
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Figure 8 — Document citation burst between 2009 and 2020

Several documents from Figure 8 with strong
burstiness scores were also ranked as the most
cited references in the network, such as Vander-
voorde (2006), Lipke (2009), Vanhoucke (2007),
and Batselier (2015). The earliest work of Anbari
(2003) was famous in cited references between
2009 and 2011. It provided an overview of ma-
jor aspects of EVM and showed graphical tools
for assessing project performance trends. The
research work of Fleming (2006) also became
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the most cited article in the 2011-2012 years,
focusing on the application of EVM in software
projects. Cioffi (2006) introduced in his research
work scientific notation and improved formalism
for EV calculations transparently and flexibly.
His work received the greatest attention from re-
searchers from 2011-to 2014 years. Batselier and
Vanhoucke (2017), in the most recent research
work, integrated EVM methodology with the ex-
ponential smoothing forecasting approach. This
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new technique, called XSM and currently under
great attention for further research.

Discussion of the main findings

Combining the results and findings from the
previous sections provides us with information
that helps us see a holistic picture in EVM. It also
shows how the field has evolved over the last years.
For reference, it is founded that the earliest work is
“Earned Value Technique for Project Performance”
by McConnell (1985), and then the research field
was developed most since 2006. Construction
engineering was a considerably popular industry area
among researchers for applying EVM methodology
in real projects, both standard techniques and newly
developed for test purposes. This thesis work
emphasized the most productive authors, and it has
been revealed a significant contribution of efforts
made by Vanhoucke M. in the development of the
research field.

As for the first research questions, the results
tell us that considerable research works belonged
to “project control process”, “value technic”,
and “stochastic analysis”. Most of the works
were highlighted attention on improvement in
measurement for project duration forecasting
by developing methods in Earned Schedule
and introducing new indices. Alongside risk
management and analysis of activities, sensitivity
was received attention from researchers. It can be
noticed in the footprint in another cluster, “forecast
risk-compatibility check,” and “non-deterministic
condition”.

The research question #2 was put forward to
investigate the focus and trends in the research
field by keywords. The central focus was on cost
management, budget control, earned schedule,
and project duration forecasting. We see from the
analysis of keywords that the construction industry
is the focus of researchers for applying EVM
methodology. The burst analysis of keywords helps
identify the main trends during the past years. The
results tell us that at an early stage of research
development, the main trends were usability of
EVM methodology in various spheres such as
software engineering, industrial management, and
construction management. Then the trend was shifted
to earned value analysis and cost management. At
the last stage, the trend turned to earned schedule
and project forecasting in an uncertain environment.

The last research question was put to explore the
most cited articles that formed the intellectual base

of the research field. As was described in this section
of the study, 17 most cited articles can be considered
the foundation of the research field. However, the
most cited articles are belonged to recent years,
starting from 2006, and it is a limitation for this
research work and suggested as research agenda for
the following works.

Conclusion

The findings of the scientometric analysis
revealed that research started developing at
the beginning of the 1990s and was evolved
significantly during the 2010s. The -earliest
works were focused on the EVM methodology
standard technique and practical application in
industrial and construction areas. The analysis of
burst citations and keywords showed the shift of
focus starting from 2009 to improvement in the
calculation of project duration forecasting and
developing new techniques in earned schedule
metrics. These conclusions are also rooted in the
intellectual base findings, suggesting that previous
works focused on financial performance aspects
in the project control and monitoring area. The
analysis of research clusters revealed significant
research topics works collated in the clusters of
“#0 project control process”, “#1 value technique”,
“#2 stochastic analysis”, “#3 non-deterministic
condition”, “#6 forecast-risk compatibility check”
and “#9 green building”.

Overall, the findings show that the EVM
literature has grown and become popular in the last
decade. The findings also suggest that the studies
shifted their foci from simple EVM applications
to the ones proposing advanced models, mostly
for time and cost forecasting, under uncertainty.
The findings presented in this work summarize
and fill the existing gap in the literature regarding
the research focus and trends, main ideas from the
most cited articles, and research topics in EVM. The
implications to researchers and the wider public are
in the ability to use the identified intellectual base to
understand the main trends that have been explored
thus far.
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