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Abstract

Project management, as a subsidiary of social science, is a vast and varied topic of the area of knowledge. In the past decades, many 

studies have compiled an immense amount of information for theoreticians and practitioners in this field. In this paper, traditional and 

novel methods of bibliometric analysis are introduced through a survey for analyzing the history of research in project management. 

This study focuses on the last four decades of publications on project management, from 1980 to 2019. In the survey, the number 

of publications, the countries of publication, the cooperating relations among those countries, and the top categories of publications 

are analyzed. The extraction of publication keywords and the investigation of knowledge seeds are also presented. In the survey, 

the examination of the network of top occurring keywords, keyword clustering, together with the keyword correlation matrix, were 

used to explore the main trends in project management. A novel indicator, called the ICCO ranking, is presented by using the degree, 

betweenness and cluster coefficient of the network of keywords. Using this indicator, the potential knowledge seeds in project 

management may be identified.
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1 Introduction
The application of project management has been bound 
with human history since ancient times, with even our 
current society having been built using such projects. 
The  Great Pyramid of Giza in Egypt (built 2570  BC) 
is one of the signature examples of managing large 
scale projects in  that early age of human civilization 
(Uchitpe et al., 2016). In the early days of managing proj-
ects, military generals, royal family members and the 
elite of society acted as project managers (Garel,  2013). 
The  methodology and concepts of modern project man-
agement were only introduced in the middle of the 20th 
century (Uchitpe et al., 2016; Weaver, 2007).

The achievement or creation of defined or unde-
fined results with a closed ended sequence of activi-
ties may be defined as a project (Project Management 
Institute,  2017). Project management is a vast area of 
research, with  increasingly new concepts being added to 
this field (Silvius, 2017). Therefore, many different scholars 

should be surveyed in the literature of project management 
(Lehtiranta, 2014; Rodrigues-Da-Silva and Crispim, 2014; 
Rowlinson et al., 2014; Taroun, 2014; Taroun et al., 2011). 
In order to extract information from among the different 
studies, bibliometric analysis serves as a useful tool, as it 
guides researchers in gaining a better understanding of 
the subject trends and leads them to define any gap in the 
research area (Pritchard, 1969).

This study explores the research area of project manage-
ment more profoundly to show the trend of the last decade 
and the potential of a future research area in project man-
agement. In this paper, bibliometric analysis and Natural 
Language Processing (NLP) tools are used to highlight the 
trends of the last decade. Section 2 discusses the literature 
used in the study. This is followed by data acquisition and 
methodology. The analytical results appear in Section 4, 
and the future is found in Section 5 on the review of this 
study's achievements. Section 6 is the conclusion.
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2 Literature review
In June 1962, the United States Department of Defense 
(DOD) and the National Aeronautics and Space 
Administration (NASA) published the PERT/Cost sys-
tem document. PERT  stands for program evolution and 
review technique and, in  this document, they described 
what is known as the Work Breakdown Structure (WBS) 
(DOD-NASA, 1962). The critical path method is also one 
of the most well-known project-controlling techniques. 
Kelley and Walker (1959) developed this technique in the 
1960s. WBS, PERT, and CPM were individual proj-
ect management techniques until they were integrated 
into project management standards.

With progressive evolution, several standards were 
formed, for example PRINCE2, which was introduced 
by AXELOS, a government-owned company in the United 
Kingdom (OGC, 2009), and project management body of 
knowledge (PMBOK Guide) developed by the Project 
Management Institute (PMI) in the United States (Project 
Management Institute, 2017) are the results of this devel-
opment. Nevertheless, some scholars were not satisfied 
with the standardized processes, and they introduced new 
models of managing projects (Kashiwagi,  1991; Rivera 
and Kashiwagi, 2016). Yet, even today, project manage-
ment processes are still inefficient and ineffective pro-
cesses (LePatner  et  al.,  2007; PwC,  2009; Rivera and 
Kashiwagi, 2016).

The enormous amount and non-transparency of proj-
ect information has led project managers to make deci-
sions after the occurrence of a problem (Ahern et al., 2014; 
Elonen and Artto,  2003; Rivera and Kashiwagi,  2016). 
Complexity is another factor that empowers ineffective 
and inefficient outputs and results in a project: the project 
size, the number of projects led by a project manager and 
the nature of a project are the main contributors to project 
complexity (LePatner et al., 2007; PwC, 2009; Rivera and 
Kashiwagi, 2016), so different sets of tools and techniques 
are used for ensuring any project's success (Doskočil, 2016).

A part of the complexity is because project manage-
ment is not just a single subject, and different scholars 
and different standard bodies classified the sub-knowl-
edge areas of project management. These classifications 
are different and vary; as an example, Silvius, in 2017, 
named the sub-knowledge "schools" of project manage-
ment (Silvius,  2017). The project management institute, 
in the project management body of knowledge guide, calls 
sub-knowledge "knowledge areas" (Project Management 
Institute,  2017), and PRINCE 2 presents the  "aspects, 

principles and themes" in projects (OGC,  2009). 
These  kinds of sub-classifications exist because of the 
variety of concepts inside project management.

Consequently, bibliometric analysis or literature review 
became practical survey tools to illustrate and summa-
rize the past, identify trends and identify future poten-
tial. For  classifying and analyzing the rapidly growing 
amount of published publications, the development of 
scientific bibliometric analysis is convenient and useful 
(Fremont, 1944; Molyneux, 1986). Billings was one of the 
first researchers who used bibliometric methods, to review 
the development of medical science (Billings,  1881). 
Hulme  (1923) used the same method for civilization 
growth, and Lotka (1926) to review science in general.

With consideration of science overall, the rapid growth 
of the use of tools such as bibliometrics seems non-neg-
ligible, and scientists use it to review a specific sub-
ject (Ahmed and Huang, 2019; Garousi and Ruhe, 2013; 
Md  Khudzari et al.,  2018; Zhai and Ho,  2018), or spe-
cific journal (Akmal et al.,  2018; Modak et al.,  2019). 
The  reviewed subject varies from cryptocurrency 
(Merediz-Solà and Bariviera, 2019), computer science and 
food security (Bouzembrak et al., 2019), medical science 
(Shi et al.,  2019; Yang et al.,  2019), micro-plastics issue 
and marine ecosystem (Pauna et al.,  2019), to the other 
areas of science (Ang et al., 2019; Zou and Vu, 2019).

The diversity of project management sub-knowl-
edge means that subjects may be reviewed from differ-
ent angles. As a result of this characteristic of project 
management, scholars used bibliometric analysis as  a 
scientific tool for studying various aspects of project 
management. Knowledge management in project man-
agement (Fernandes Pereira et al.,  2015), shareholder 
value generation in projects (Maia and Di Serio,  2017), 
project governance (Oliveira Lucena et al.,  2019), and 
risk management in foreign direct investment in infra-
structure projects (Jiang  et  al., 2019) are samples of the 
application of bibliometric analysis in sub-knowledge 
areas of project management. De Oliveira et al.  (2016) 
and Penha et  al. (2017) used the bibliometrics method 
to  review decision aid systems in project management 
and resource-constrained project scheduling, respec-
tively. Project complexity (De Rezende et al., 2018), proj-
ect sustainability (Da Rocha et al., 2013; Galvão and Alves 
Patah, 2017), assessment of maturity in a project (de Souza 
and Gomes,  2015), project success (He  et  al.,  2019; 
Machado and Martens,  2015), and methodology inno-
vation in projects (de Rezende Guerra  et  al.,  2016) are 
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other examples of bibliometrics practices in project man-
agement. Also, a different category of projects, such as 
mega-projects (Peng  et  al., 2012), construction projects 
(Utama et al., 2016), and software development (Lechler 
and Yang, 2017), as well as contingency theory in project 
management (Hanisch and Wald, 2012) are the other areas 
of application of bibliometrics in project management.

Ng and Chai (2015) reviewed the citation and co-citation 
analysis of the Project Management Journal, which is pub-
lished by the Project Management Institute. While  their 
findings are valuable, they only cover one publisher. 
Although the Project Management Journal is a major player 
in the social science field of project management, it is not 
a solo player, and every year, hundreds of publication 
releases are presented in this area. Zhang and Yang (2018) 
released a study based on collected data from 2007 to 2016 
(one decade), in order to analyze the research status in proj-
ect management using bibliometric analysis.

Indeed, the complexity and diversity of the field of 
project management provide a significant opportunity to 
analyze the context of project management with biblio-
metric analysis tools.

The aim of this paper is to give an in-depth bibliomet-
ric analysis to reveal the trends and the future potential of 
project management science.

3 Data and methodology
3.1 Data
For data acquisition, two main approaches are per-
suaded by scholars The first is restricted to the data and 
information to a specific database (Merediz-Solà and 
Bariviera, 2019). The second goes through all well-recog-
nizable science databases and searches for the publica-
tions' data (Holub and Johnson, 2018). This study follows 
the former version. In order to avoid duplication, one well-
known database was used for this study, Web of Science 
(WoS), which is a valuable resource for scientific research. 

For the search in the field of project management, 
the following combination of keywords was used:

•	 "project management*"
•	 or "management of project*"
•	 or "managing project*"
•	 or "managing the project*"
•	 or "projects management"
•	 or "project manager's tool".

The search was limited to the title of the articles to avoid 
irrelevant results in the search. Four decades of study 
were considered; the period of search started in 1980 and 

finished in 2019. The search was conducted in May 2020. 
After performing the search, all the records were scanned 
manually by the researchers to eliminate the  irrelevant 
data. The final result includes 6,133 publication records, 
all the records saved with "full record and cited refer-
ences" content in the "Tab-delimited (Mac)" format.

3.2 Methodology
Bibliometric network by extracting social network is a prac-
tical tool for analyzing science (Zou et al., 2018). The bib-
liometric method enhances researchers' systematic thinking 
by mapping networks (Pauna et al., 2019). The network can 
be shaped based on the authors, contributor's institute, geog-
raphy, publisher and keywords, as  well as the other fields 
in the research (Chen et al., 2016). For  the network analy-
sis, VOSviewer (version 1.6.13) was used (Corsi et al., 2020; 
Lawal et al.,  2019; Yıldız,  2019). This software is capable 
of clustering, mapping networks, and visualizing the biblio-
metric information (van Eck and Waltman, 2010).

To review the characteristics of the research in project 
management, at first, the number of publications review, 
the  linear and polynomial (order  2) regression line were 
used to show the trends in the last decade in project-related 
and project management publications. The second classifi-
cation shows the top contributors in the project management 
field (Ahmed and Huang, 2019). The collaboration network 
of countries comes next, to show the collaboration clus-
ters. A network of countries' citation is used to demonstrate 
how countries refer to other countries' scientific studies. 
After  the identification of top contributors and their rela-
tions, the next step is to classify the category of research.

The keywords show the content of the article 
(Zhang et al., 2015). The focus of this study is on the used 
keywords in the publications in the last decade; the key-
word shows the important knowledge area in the publi-
cations. After collecting 6,133 records from the Web of 
Science core collection databases, data were analyzed 
with VOSviewer software version 1.6.13. This software is 
used for bibliometric network analysis (Corsi et al., 2020; 
Lawal  et  al.,  2019; Yıldız,  2019). The count of the key-
words in the publications is used together with the key-
words network for analyzing the content of the research. 
The top keyword correlation matrix is used to show the 
relations among keywords. If two keywords appear in the 
same article or record, the number of correlations is one, 
and if not, the number is zero; therefore, the number of 
correlations shows the number of times these two key-
words appeared together in the studies. If the number of 
correlations is high, it shows these two keywords appear 
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together in the subject several times, and if the number is 
low, it shows the future potential of the collaboration of 
those keywords. For the top occurring keywords, the low 
correlation number in the matrix shows the future possi-
bility of a combination of top occurring keywords.

For in-depth analysis in the keywords, the ICCO rank 
is used. ICCO stands for indicator, cluster coefficient 
and occurrences of keywords; the ranking method uses 
the  I-C indicator (Wang and Chai,  2018). The I-C indi-
cator is based on the keyword network and graph theory. 
This indicator has two parts, I and C. Each keyword is one 
node, and the number of correlations is the edge of the 
network. The I indicator is the node betweenness divided 
by node degree. The node betweenness and node degree 
extract from the co-word network structure. In the co-word 
network structure, the indicators such as degree, between-
ness, closeness and modularity are measured (González-
Alcaide et al.,  2015; Jiandong,  2009). The degree shows 
the direct connection situation in the co-word network 
structure, and betweenness represents the capability of 
bringing communities (Kumar and Markscheffel,  2016). 
In the keyword co-word network degree, the connection 
of the specific keyword is represented with the other key-
words in the network: more degrees show more connec-
tivity, and it is a positive event. The higher betweenness 
means the essential role for that keyword in the network. 
Both of them have a positive correlation with the number 
of occurrences, so they are not reliable individual mea-
sures for the future potential of the subject.

For connection of degree and betweenness, the I indi-
cator was introduced by Wang and Chai (2018) to describe 
a node's average information load in a co-word network 
structure, which is betweenness divided by degree. In this 
case, the betweenness of the keyword was normalized 
by the degree of the same keyword. The higher I indicator 
means more potential for future growth. The I indicator 
can identify the knowledge seed in the network (Wang and 
Chai,  2018). However, individually it does not represent 
the full potential.

The clustering coefficient is the C indicator, which is 
a  prone clustering degree of nodes in the co-word net-
work (Zhu et al.,  2013). Indicator C shows the situation 
of a node among its neighborhood nodes, and a higher C 
value has a negative impact on the birth of new areas of 
knowledge or information transmission (Zamzami and 
Schiffauerova, 2017).

Wang and Chai combined the I and C indicators to gen-
erate new measures to find the potential knowledge area 
(Wang and Chai,  2018). I indicator identifies the potential 

knowledge seed, and the C indicator shows the surrounding 
environment. This indicator, in short, is named I-C indicator.

In this study, the two indicators (I and C) are used for mea-
suring the potential of future expansion. The problem is that 
the method does not differentiate the high number and a low 
number of occurrences in the keywords, and it measures all 
of them together. The novelty of this study is that it adds 
a  twist to solve this problem: after weighing the  I and C 
indicators, both indicators are ranked for  each keyword 
identification and then the sum of ranks plus the occurrence 
of the keyword are added together to shape a new ranking 
measure. Finally, the result is ranked from a lower value 
to a high value. Here, the new measure is called I indica-
tor, cluster coefficient and occurrence ranking (abbrevi-
ated as ICCO rank). Then, the ranking of ICCO rank shows 
the future potential of growth in the study, with a higher 
ranking (means 1) that has a higher potential for growth. 
The collected data were preprocessed by Bibexcel software 
and the network analyzed by Gephi software.

4 Result
4.1 Number of publications
Fig. 1 illustrates the number of publications in the project 
management title in the Web of Science from 1980 to 2019. 
In  1980, there were just seventeen publications, almost 
one and a half publications for each month, and the search 
results ended up with 249 records for publication in 2019.  

Table 1 shows the number of publications in the previ-
ous decade, and the numbers are calculated by the percent-
age of publications plus the growth rate of the publications. 
The publications in the last decade are more than the total 
sum of the preceding three decades of publications.

Nevertheless, the growth rate is not steady. At the 
beginning of the decade, it has a negative slope and then 
for four years, it rapidly goes up. Afterwards, it declined 
continually until 2019.

Fig. 1 Number of publications in the last four decades
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To see the trend line of the number of publications, 
regression methodology was used. The best-fitted line is 
the fifth-order polynomial line, the equation and the R2 

of this line is in Fig. 2. For the prediction of the number 
of publications in 2020, these are based on this fitted line, 
and the number of publications decline. However, with 
close observation, another trend is visible. There are three 
major local peaks, the first one is in 1991 with 101 publi-
cations, the second is in 2009 with 334, and the third one 
is in 2016 with 439 publications. These peaks are followed 
by a rapid decline in the years thereafter. For the first peak, 
it took thirteen years to come back to the level of 1991 
by 98 publications in 2004; and for 2009, three consecu-
tive years with negative growth are observed. This could 
be the same scenario for the 2016 peak, and maybe 2020 is 
time the number of publications rebounds back and grows. 

4.2 Top contributors' countries
The United States, with 18.88 % of publications, is fol-
lowed by China, with 12.93 % of publications. These two 
countries publish approximately one-third of contributions 

in the subject area project management. England, Brazil 
and Australia are in third to fifth place in  this regard. 
Fig. 3 shows the mosaic plot of the top twenty contribu-
tors in the project management topic. For more in-depth 
analysis, Fig.  4 introduces the network of co-author-
ship of different countries. The network shapes six clus-
ters; the  first cluster contains the four major European 
Union countries Germany, France, Italy and Spain plus 
Russia, Poland and Romania. The second cooperation 
cluster is between England, South Africa, Portugal and 
Brazil. The third cluster contains the contributor's leader, 
the  United States and China with  Taiwan. The fourth 
to  sixth clusters are double-member clusters, Australia-
Czech Republic, Canada-Sweden, and Japan-Malaysia 
are the fourth to sixth clusters, respectively.

Fig. 5 demonstrates the citation aspects of the different 
countries' correlation in the publication. The citation net-
work of these 20 top countries shapes three clusters; these 
three citation clusters show how the countries citing the other 
countries work and how they use each other's publications.

4.3 Category of research
Fig. 6 shows the 10 top categories of research in project 
management. It illustrates how project management and 
project topic is a vast subject, and it can cover all the 
research fields. According to research categories, manage-
ment comes in first place, followed by business, operation 

Table 1 Number of publications in the last decade

Year Number of 
records

Percentage of total 
publication

Growth from the 
former year

2019 249 4.06 % −24.55 %

2018 330 5.38 % −16.24 %

2017 394 6.42 % −10.25 %

2016 439 7.16 % 6.55 %

2015 412 6.72 % 12.26 %

2014 367 5.98 % 5.16 %

2013 349 5.69% 15.18 %

2012 303 4.94 % −4.11 %

2011 316 5.15 % −1.56 %

2010 321 5.23 % −3.89 %

Sum 3480 56.74 %

Fig. 2 Regression line for the number of publications

Fig. 3 Mosaic plot 1of Top 20 countries

Fig. 4 Top 20 countries authorship network
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research management science, engineering industrial and 
computer science and information system.

4.4 Keyword
Zhang et al.  (2015) compared authors' keywords and 
KeyWords Plus. The authors' keywords are those which 
were given by the publications' authors and KeyWords Plus 
are added to the article by the publishing organization. 
The effectiveness of KeyWords Plus is the same as author 
keywords, but the use of KeyWords Plus for showing the 
article content is less comprehensive than authors' keywords.

As the cited research of Zhang et al.  (2015) is in the 
medical field, they claimed it might be different in other 
scientific areas. We therefore decided to use the combina-
tion of both keyword types, authors' keywords as well as 
KeyWords Plus.

As Zhang and his team mentioned in their study, 
the keywords are representative of the article content, and 
they show the research area (Zhang et al., 2015).

VOSviewer is a powerful software using Natural 
Language Processing (NLP) to identify the top occurring 
keywords and to visualize the relations between these key-
words. For this part of the analysis, the search keywords 

were eliminated from the final results because those key-
words are the main concepts, and the present study tries 
to find the sub-discussion of the topic. For this particular 
study, the recorded results in the Web of Science did not 
log keywords before 1990, and all the records are with-
out keywords; therefore, the study is limited to the records 
from 1990 to 2019. The period was divided into three 
decades for the initial analysis. In Fig. 7, the top 30 key-
words network and the clusters are demonstrated; Fig. 7 is 
followed by a correlation matrix in Table 2.

There are five clusters in the keywords network between 
1990 to 1999. The details of this cluster are displayed in 
Appendix A. Appendix A shows the three periods cluster-
ing plus the occurrences of the top 30 keywords.Fig. 5 Top 20 countries citation network

Fig. 6 Top 10 categories of research

Table 2 Correlation matrix of top occurred keywords from 1990 to 1999

Label

Softw
are project m

anagem
ent

D
esign

Im
plem

entation

Innovation

Perform
ance

C
om

m
unication

Inform
ation

M
odel

Softw
are

Technology

Software project 
management -

Design 0 -

Implementation 1 2 -

Innovation 0 0 1 -

Performance 0 2 1 2 -

Communication 0 1 1 2 3 -

Information 2 1 1 0 1 0 -

Model 0 2 1 2 2 2 0 -

Software 0 0 0 0 0 0 0 0 -

Technology 0 2 2 0 2 1 1 1 0 -

Fig. 7 Top 30 keywords network from 1990 to 1999
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This matrix shows the potential for future work in the 
last decade of the previous century.

The next decade is the first of the third millennium, 
from 2000 to 2009. Fig. 8 shows the top 30 keywords net-
work, and Table 3 is the correlation matrix of keywords.

With a visual comparison of Fig. 7 and Fig. 8, it is obvi-
ous that the keywords are more linked with each other, and 
they are also more connected. Clustering information and 
the occurrences of Fig. 8 is given in Appendix A.

The last decade started in 2010 and finished in 2019, 
and Fig.  9 demonstrates the visualization of the top 
30 keywords network in this period. The number of clus-
ters are reduced to four clusters, and the connection lines 
increased dramatically. The clusters and occurrences of 
each keyword are in Appendix A.

The correlation matrix of the top ten keywords is 
demonstrated in Table  4. Table  2 and Table  3 show the 
history of the keywords in the last decade of the twenti-
eth century and the first decade of the twenty-first century 
respectively. Based on these two tables, it was obvious that 
there was a high potential for new studies. However, the 
last decade's top ten correlation matrix does not have any 
zeros, and it shows all the keywords came together in pub-
lications. The minimum correlation number in the correla-
tion matrix is between construction and innovation.

Table 3 Correlation matrix of top occurred keywords from 2000 to 2009

Label

Perform
ance

K
now

ledge m
anagem

ent

R
isk m

anagem
ent

M
odel

Softw
are project m

anagem
ent

C
onstruction

U
ncertainty

Product developm
ent

Sim
ulation

Success

Performance -

Knowledge 
management 1 -

Risk management 1 1 -

Model 2 0 1 -

Software Project 
management 0 1 1 1 -

Construction 0 0 0 2 0 -

Uncertainty 4 0 2 2 1 0 -

Product 
development 4 0 0 6 0 1 6 -

Simulation 0 0 1 4 4 1 0 2 -

Success 5 0 1 5 0 1 3 2 0 -

Table 4 Correlation matrix of top occurred keywords from 2010 to 2019

Label

Perform
ance

M
odel

Success

Innovation

Fram
ew

ork

Im
pact

C
onstruction

K
now

ledge

D
esign

System
s

Performance -

Model 39 -

Success 42 15 -

Innovation 19 6 17 -

Framework 21 9 12 14 -

Impact 37 12 22 12 9 -

Construction 21 10 5 3 8 8 -

Knowledge 20 8 10 8 5 12 10 -

Design 20 6 10 7 6 10 7 4 -

Systems 18 9 4 9 7 7 9 4 4 -

Fig. 8 Top 30 keywords network for 2000 to 2009

Fig. 9 Top 30 keywords network for 2010 to 2019
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The subsequent analysis of the keywords is a mea-
surement of ICCO rank. To demonstrate the algorithm, 
the year 2016 was selected because it has a higher num-
ber of publications. The records of that year's analysis 
are shown in  Appendix  B. Top 10 occurrences, degree, 
betweenness, I indicator and clustering coefficient are 
given in Appendix B. The appendix table shows that the 
result of each indicator is different from the occurrences. 
Table 5 shows the ICCO value and the ICCO rank result 
for the given year. In Table 5, the number of occurrences, 
the ranking of degree, ranking of betweenness and rank-
ing of I indicator are demonstrated as well as ICCO results 
and the ICCO rank, which is from one to ten in this table.

The same process was repeated for the second half 
of the last decade to see the potential keywords, and the 
results come in Tables 6 and 7. Table 5, Table 6 and Table 7 
demonstrate the high potential keywords as knowledge 
seed for project management in the last half-decade.

The list is dynamic, and it is different from one year 
to another. The agility, communication, construction and 
software project management are top potential keywords 
for the last two years.

5 Discussion
Project and project management concepts were always 
linked to civilized humanity from an early age, but 
it  became an independent knowledge and science in the 
last century. The number of publications shows the growth 
in the field, even though this growth is not constant and 

not rapid. It seems that in the next few years, the num-
ber of publications will grow, and it may surpass the 2016 
number of publications in the subject of project manage-
ment in a few years.

Table 5 ICCO ranking for 2016

Keyword

O
ccurrence 

D
egree rank

B
etw

eenness rank

I indicator rank

IC
C

O

IC
C

O
 rank

Construction project 
management 5 36 10 6 26 1

Simulation 4 23 5 3 32 2

Leadership 6 7 2 8 34 3

Project management maturity 
models 3 112 22 2 36 4

Global software development 5 30 14 12 43 5

Construction project 5 36 17 18 45 6

Agile 7 7 3 22 47 7

Human resources 3 75 16 1 52 8

Earned value management 3 30 12 11 54 9

Innovation 6 15 15 35 58 10

Table 6 ICCO ranking for 2015 and 2017

ICCO 
Rank

2015 2017

K
eyw

ord

O
ccurrence

K
eyw

ord

O
ccurrence

1 PMBOK 6 Risk analysis 4

2 Software project 
management 9 Barriers 4

3 Software engineering 5 Project management 
system 3

4 Teamwork 3 Simulation 6

5 Leadership 4 SCRUM 5

6 Project management 
maturity 4 Engineering 

management 3

7 Project success 5 Sustainable 
development 3

8 Project management 
processes 3 Artificial neural 

networks 2

9 Agile 10 Construction project 
management 3

10 Engineering 5 Knowledge 
management 4

Table 7 ICCO ranking for 2018 and 2019

ICCO 
Rank

2018 2019

K
eyw

ord

O
ccurrence

K
eyw

ord

O
ccurrence

1 IT project management 5 Project scheduling 4

2 Risk analysis 3 Software project 
management 7

3 PMBOK 5 Agile 5

4 Fuzzy logic 3 Construction industry 5

5 IT project 3 Systematic literature 
review 3

6 Project success 6 Performance 4

7 Case study 4 Project management 
maturity 4

8 Communication 5 Project management 
office 4

9 Construction project 
management 3 Project management 

system 4

10 Agile 9 Communication 2
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Two top players in the field of social sciences are the 
United States of America and the People's Republic of 
China. One-third of publications are contributed by these 
two countries, and there are a high number of coopera-
tion and citation links between them. Although England, 
Australia and Canada are Commonwealth countries and 
all of them contributed greatly in publishing on project 
management, they are not in the same cluster of collab-
oration, and each of them work with a different group of 
countries. On the contrary, in relation to citation, these 
countries cited each other's works frequently, and they are 
in the same cluster. The subject category shows the diver-
sification of the subject in project management.

Keyword analysis is a powerful tool for content analy-
sis, and it may be used for predicting the potential of future 
growth and direction of knowledge (Wang and Chai, 2018). 
Keywords network, together with the keywords correla-
tion matrix, describe the history of the top occurring key-
words in project management. The correlation matrix is 
a useful tool for scholars to understand the relations of top 
keywords and may be a guide for scholars. Keywords of 
the first analyzed decade showed that most of the subjects 
in that period were developed individually, and there was 
less collaboration between disciplines. The level of collab-
oration among the keywords increased progressively and, 
in the last decade, it is obvious that there is a high level of 
correlation between the top occurred keywords.

Based on the results of last decade, the top keyword 
correlation matrix of construction-innovation has a high 
chance of being a seed of knowledge development, even 
though both keywords came together three times. The sec-
ond potential can be success-systems, knowledge-design, 
design-systems, and design-knowledge. The correla-
tion matrix is a robust tool for identifying the potential 
knowledge seed, but it has week points. First, it analy-
ses the top occurring topic in the field of study, which is 
already the  focus of research for that field. Second, it is 
only a one-dimension design making tool.

To add more accuracy for finding the knowledge seed, 
the  ICCO ranking could be used. ICCO ranking looks 
into the mid occurring keywords, and it makes decisions 
based on a combination of keyword occurrences, degree, 
betweenness and cluster coefficient of the keyword net-
work. The project scheduling, communication, agility, and 
performance, along with project management software, 
maturity, office and system have a high potential for being 
the future knowledge seed of project management. 
Knowledge seeds are guidelines for scholars and practi-
tioners for choosing the next research and work subject.

6 Conclusion
Project management is not a new concept in research, and 
the development of this field of science has been signifi-
cant from the start. Also, this knowledge area has a differ-
ent variety of sub-sciences and sub-knowledge. Moreover, 
this science is used in various fields of science and 
in practice. By searching project management keywords, 
researchers may face a vast open area, and it is tough to 
navigate in  this field. Therefore, this study has tried to 
enlighten the scholars and practitioners in this field of sci-
ence and give or suggest the future development clues.

In this regard, this study reviewed the relevant litera-
ture from 1980 to 2019 and the data was collected in May 
2020. The data were divided into four intervals and each 
range consisted of information of a decade: two decades 
represented the end of the last century and two decades 
presented the start of the twenty-first century. The Web 
of Science core collection database was selected for col-
lecting data and 6,133 records gathered. The study started 
by  analyzing the number of publications, which overall 
shows growth. There were times with rapid growth, fol-
lowed by a few years of stagnation in the number of publi-
cations in this field. It represents that the topic is not a new 
one, and has reached its maturity period of time.

The United States and China are ranked first and sec-
ond according to contributor country; these two coun-
tries contributed one-third of all publications. The four 
top-ranking areas of research in project management 
are "management", "business", "operation research", and 
"industrial engineering"; and these areas are responsible 
for more than half of the published research studies.

Keyword analysis was used for analyzing the records. 
First, the top occurring keywords were introduced, and 
their network shaped further analysis. The keyword clus-
tering and the keywords correlation matrix were presented 
to find the future potential of knowledge in project man-
agement, and VOSviewer was used for extraction of the 
top keywords and the keyword network.

Based on the correlation matrix, construction-innova-
tion, success-systems, knowledge-design, design-systems, 
and design-knowledge are the key combinations that have 
high potential for growth and development in the subject 
of project management.

For in-depth analysis of the keywords and for finding 
the knowledge seed for future development and studies, 
a new ranking system was introduced. This ranking sys-
tem is named ICCO. The ICCO ranking stands for I indi-
cator, clustering coefficient and occurrences because the 
method uses these indicators of the keywords' network 
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for analysis the potential. The I indicator is the between-
ness of the nodes normalized by degree of that individual 
node, which here nodes are representative of keywords.

The ICCO ranking was implemented for the last five 
years of keywords and the knowledge seed of each year 
identified. According to the results, Project scheduling, 
PM software, Agile, construction, Performance, PM matu-
rity, PM office (PMO), PM system and communication 
are the top topics as knowledge seed in project manage-
ment. The Systematic Literature Review (SLR) is in fifth 
place and has a high level of potential for future growth. 
The growth of the application of the literature review is 
growing due to the increase in the number of publications; 

therefore, SLR is a useful tool for classification and clus-
tering of studies in a field of science.

Gephi software was used for network analysis and mea-
suring the network indicators. The raw information was 
preprocessed using Bibexcel software.

Project management is a vast area of knowledge, and it is 
shaped by different combinations of keywords. This study 
tried to classify the trends and the studies in  the project 
management and to introduce the high potential agenda 
in  the project research area. Along with the introduc-
tion of the new agenda, a novel indicator was also intro-
duced to measure and rank the potential of future research 
in project management.
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Table 8 Top 30 keywords and the cluster of these keywords

1990-1999 2000-2009 2010-2019

Keyword Cluster Occurrences Keyword Cluster Occurrences Keyword Cluster Occurrences

Software project 
management 1 10 Performance 1 29 Performance 1 224

Information 1 4 Design 1 15 Construction 1 90

Decision-making 1 3 Leadership 1 13 Knowledge 1 82

Feedback 1 3 Implementation 1 10 Systems 1 74

Systems 1 3 Performance 
evaluation 1 10 Leadership 1 55

Environments 1 2 Project management 
office 1 9 Technology 1 52

Perspective 1 2 Impact 1 8 Organizations 1 50

Task-performance 1 2 Project performance 1 8 Implementation 1 46

Design 2 7 Strategy 1 8 Communication 1 36

Implementation 2 5 Knowledge 
management 2 28 Perspective 1 36

Performance 2 5 Risk management 2 27 Model 2 131

Communication 2 4 Software project 
management 2 23 Management 2 85

Quality 2 3 Simulation 2 18 Design 2 78

Teams 2 3 Systems 2 16 Software project 
management 2 72

Technology 2 3 Optimization 2 10 Complexity 2 59

Success 2 2 System dynamics 2 9 Uncertainty 2 57

Software 3 4 Model 3 23 Risk management 2 55

Case study 3 3 Construction 3 21 Product development 2 45

Assessment 3 2 Success 3 18 PMBOK 2 44

Evaluation 3 2 Information 
technology 3 16 Agile 2 41

Microcomputer 3 2 Communication 3 10 Innovation 3 105

Selection 3 2 Internet 3 9 Framework 3 96

Innovation 4 5 Outsourcing 3 9 Project success 3 53

Model 4 4 Uncertainty 4 20 Sustainability 3 43

Strategy 4 3 Product development 4 19 Integration 3 39

Adoption 4 2 Innovation 4 17 Success 4 131

Technological 
discontinuities 4 2 Organizations 4 12 Impact 4 93

Uncertainty 4 2 Quality 5 17 Strategy 4 43

Construction 
management 5 3 Time 5 11 Project management 

office 4 42

Information systems 5 3 Cost 5 8 Portfolio 
management 4 36
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Table 9 Top 10 occurrences, degree, betweenness I indicator cluster coefficient

Top 10 occurrences Top 10 degree Top 10 betweenness Top 10 I indicator Top 10 clustering 
coefficient

Row Keyword

O
ccurrences 

Keyword

D
egree

Keyword

B
etw

eenness

Keyword

I indicator

Keyword

C
lustering 

coefficient 

1 Project 
management 185 Project 

management 626 Project 
management 397373.87 Human 

resources 731.6 Project 
management 0.007175

2
Software 
project 

management
15 project 49 Leadership 17439.83

Project 
management 

maturity 
models

687.25
Software 
project 

management
0.076577

3 Project 14 Project 
success 42 Agile 13332.72 Simulation 674.686 Project 

success 0.10641

4 Project 
success 13

Software 
project 

management
41 Project 

success 11506.86 Project 
management 634.782 Project 0.115152

5 Knowledge 
management 10 Management 38 Simulation 11469.67 Business 

model 611.333 Knowledge 
management 0.131092

6 Management 10 Knowledge 
management 37

Software 
project 

management
10843.609

Construction 
project 

management
592.247

Project 
management 

office
0.13834

7 PMBOK 9 Risk 
management 31 Management 9109.752 Petri nets 572.5 PMBOK 0.142292

8 Uncertainty 8 Agile 31 Knowledge 
management 8464.573 Leadership 562.575 Management 0.153153

9 Risk 
management 8 Leadership 31 Sustainability 8300.84 e-learning 550.8

Construction 
project 

management
0.153846

10 Agile 7 Uncertainty 29
Construction 

project 
management

8291.464 Life Cycle 550.8 Uncertainty 0.172414
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