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The primary purpose of resource-constrained project scheduling (RCPS) is to adjust
activity ordering to minimize project durations. Various scientometric literature reviews
are conducted. However, no essential research has been found in the literature that
provides a bibliometric analysis, including a literature review, on the RCPS literature. It

Keywords is claimed that this is the first study to provide a scientometric analysis of the RCPS
Scientometri literature, utilizing various software packages. Firstly, a bibliometric data file comprises
CIENtoMERrcs . . 128 articles retrieved from the Web of Science (WoS) database. The top-cited authors
Resource-constrained project . .
scheduling and most frequently used keywords are listed based on the data file. In addition to
Bibliometrics scientometric studies in literature, keyword frequencies and word clouds for different
Metaheuristic algorithms periods are provided to display word usage frequencies and offer insights into the most
Optimization popular topics during various periods. From that perspective, the popularity of the topic

“Resource Leveling” has been diminishing over the last few decades. On the other hand,
different techniques such as BIM and particle swarm optimization are emerging topics in
the RCPS field. Besides, the publications on RCPS are clustered based on their citation
statistics. The labels of the clusters are named after the titles of publications within the
cluster, including trends in RCPS problems related to construction project management.
Each cluster’s citation activities are given in a single plot based on the citation statistics.
Future aspects of RCPS methodology are provided in the conclusion section.

1. Introduction and Literature Review

Although resource-constrained project scheduling
(RCPS) is not an entirely novel subject, despite
various literature reviews and state-of-the-art
studies, more attention should be directed towards
scientometric and bibliometric studies on RCPS.
The first known review encompasses various
classifications of notations on RCPSP [1]. Recent
reviews focus on metaheuristic methods [2, 3]. Two
reviews specifically address bibliometric studies.
Penha et al. [4] provided a comprehensive literature

review. Additionally, Bahroun et al. [5] conducted
a scientometric review on multi-skilled RCPS
studies, which covers 171 papers published
between 2000 and 2021. Derbe et al. [6] is the only
known study that performs a scientometric review
of construction project schedules, analyzing a
broader range of studies than those related solely to
RCPS. This study presents a literature review, as
well as a scientometric analysis, which allows for
the display of trends and popular terms.
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Textual data, including essential labels such as
the title, authors, abstract, and reference list, has
been obtained from the WoS database. The articles
are retrieved after entering the text “TS=(“civil
engineering” OR "AEC" OR ‘“construction
engineering” OR “construction industry” OR
“construction  project” OR  “construction
management” OR “engineering management”)
AND  TS=(“resource  constrained  project
scheduling” OR '"resource leveling")” into the
search bar. After the search, 128 articles were
retrieved. And there is no filtration process applied
to these 128 articles. A spreadsheet file is necessary
to generate basic textual content statistics using
Python. Figs. 2, 3, and 4, along with Tables 1, 2,
and 3, are created based on the spreadsheet data.
Additionally, scientometric analyses are conducted
using the textual data downloaded from the WoS
database by selecting “Export Records to Plain Text
File” and ”Full Record and Cited Reference." Fig.
1 illustrates the flowchart for data collection and the
scientometric analyses. Figs 2, 3 and Tables 1-3 are
generated by using the Pandas library. And
Citespace, VOSviewer, and Bibliometrix software
are used for generating the rest of the figures and
tables.

Data collection from
WoS Database

Spreadsheet files including
* Publication Year

+ Abstract

+ Keywords

Text files including

N ¢ Full Record and
Cited References

E——

Fig. 2 shows the publication and citation
numbers of RCPS problems in civil engineering
which is obtained from WoS database. The time
range appeared as between 1991 and 2024. The last
article on the results was published in June 2024,
and the plot of RCPS publications shows that
interest in RCPS has fluctuated.

Fig. 3 shows that authors from the People's
Republic of China published the most in this field.
In total, 28 countries were identified, but only nine
are listed. Table 1 presents the publication numbers
of top authors in the field along with their affiliated
institutions. There are 213 authors identified in this
field. Table 2 displays the journals that publish the
most articles in this area. ASCE and Elsevier
publish the top three journals.

The WoS database offers detailed files that
include indexes for each publication. In addition to
the citation index, various other indices, including
those for book chapters and conferences, are also
available. According to the spreadsheet file,
multiple publications can be organized into
different indices. Table 3 illustrates the distribution
of the indices from the obtained studies.

Basic statistics are
generated by using
Python programming
and the Pandas library.

A

|:=| pandas

& A

| ™
—_—

Scientometric analyses
and graphs are
generated using
Citespace, VOSviewer,
and Bibliometrix.

Fig. 1. The flowchart of the data collection and the analyses



Journal of Construction Engineering, Management & Innovation 148

11

10

No. of Journal Articles in
(V2]

3

2

1

0
o}
o}
o)}
i

O~
[<Ale)]
() e)]
—

D
D
()}
—

2002 w—

i
[e)]
()}
—

oM < O ~ (o)} — N
— — — NN
o o o o o o o
N N N N N NN

2012

o) o LN o
o — — N
o o o o
(o] (@} (g\] (@}

(o2} 0 o
o — (o]
o o o
(o\} N N

—
—
o
(g}

2003
2005  m—
2006 m—

Fig. 2. Journal article publication numbers between 1991 and 2024 (*The data is obtained from Web of Science
database)
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Fig. 4. Word clouds from abstract texts from different periods (*Generated by Bibliometrix software;
http://bibliometrix.org/home/)
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Table 1. The top six journal authors in the field

Author Number Institute Author’s Frequent Keywords

Cheng, MY 6 National Taiwan University of Science  Differential Evolution, Clustering,
and Technology, Taiwan Chaotic

Tran, DH 6 Ho Chi Minh City University of Differential Evolution, Clustering,
Technology, Vietnam Chaotic

Ponz-Tienda, JL 4 Universidad de Los Andes, Colombia Repetitive Schedules, Line of

Balance

Xu, Jiuping 3 Sichuan University, China Fuzzy Random Variable

Salcedo-Bernal, A 3 Universidad de Los Andes, Colombia Harmony Search

Pellicer, E 3 Univ Politecn Valencia, Spain Harmony Search

Table 2. Top journals that published on RCPS in civil engineering

No.

Journal Name

Publication Number

Journal of Construction Engineering and Management
Automation in Construction

Journal of Computing in Civil Engineering

Canadian Journal of Civil Engineering

Journal of Construction Engineering and Management-ASCE

Journal of Management in Engineering
Engineering Construction and Architectural Management

11

—
(e

O 00 3 N L A W N~

Journal of Scheduling
KSCE Journal of Civil Engineering

—
S)

Journal of Civil Engineering and Management

W W W W s B 0

Table 3. Indexes and their counts in the downloaded data

Index Title Count
Book Citation Index — Science (BKCI-S) 1
Book Citation Index — Social Sciences & Humanities (BKCI-SSH); Book Citation Index — Science 1
(BKCI-S)

Conference Proceedings Citation Index - Science (CPCI-S) 24
Conference Proceedings Citation Index - Science (CPCI-S); Conference Proceedings Citation Index - 5
Social Science & Humanities (CPCI-SSH)

Conference Proceedings Citation Index - Social Science & Humanities (CPCI-SSH) 2
Emerging Sources Citation Index (ESCI) 14
Science Citation Index Expanded (SCI-EXPANDED) 67
Science Citation Index Expanded (SCI-EXPANDED); Social Science Citation Index (SSCI) 13
Social Science Citation Index (SSCI) 1
Total 128

The WoS database provides detailed files that
include indexes for each publication. In addition to
the citation index, various indices, such as those for
book chapters and conferences, are available. Based
on the spreadsheet file, multiple publications can be
categorized into different indices. Table 3 shows
the distribution of the index obtained from the
studies. To illustrate the variation in word usage
across various periods, word clouds are created by

classifying the abstract texts from these periods, as
shown in Fig. 4, which was generated using the
Bibliometrix software, an R programming package
[7].

In the construction industry, scheduling is a
critical task often carried out under resource
scarcity. The Resource Constraint Project
Scheduling Problem (RCPSP) is a significant
concept designed to organize activities and ensure
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the project progresses without violating resource
limits [8]. The management and manufacturing
fields have adopted RCPSP methodologies,
applying them to various schedules and problem
types. The primary objective of the RCPSP is to
minimize the project's duration within resource
constraints, making it a vital area of study. Several
problem types have been proposed, such as the net
present value [9]. The initial proposal for solving
the RCPSP is based on heuristic methods.

There are several assumptions in RCPSP. The
first one is that the activities are connected through
precedence relationships due to technological
necessities, forming a network structure. Another
one is that activities may not be interrupted (no
preemption is allowed). Before the scheduling, all
project information is assumed to be deterministic
and known. Various mathematical methods have
been developed, such as the branch and bound
method [10], linear programming applied to the
branch and bound technique [11], or the integer
programming technique. The computing duration
for the solution increases in proportion to the
increase in activity. In NP-hard cases, computing
times increase in non-polynomial periods.
Blazewicz et al. [12] proved that RCPSP is a kind
of NP-hard problem. Various studies have adapted
the RCPS models to fit construction processes in
total [13].

Construction operations generally are done
under varying conditions. Due to meteorological
and machinery conditions, construction projects
may be delayed. Various approaches modeled the
uncertainties. The initial known study models the
uncertainty in resource leveling problems; different
risk levels are modeled by using different a-cut
parameters [14]. The Monte Carlo method is
another approach for modeling uncertainties in
leveling and resource-constrained
problems [15]. In addition to fuzzy logic, reactive
and proactive scheduling, as well as sensitivity
analysis, are applicable methodologies for
modeling stochastic processes [16]. Construction
projects may be delayed due to limited construction
quality levels. Fang and Chao [17] considered
prevention and failure costs to model time cost

resource

relationships, and they solved multimode resource-
constrained project scheduling problems. Improper
buffer sizes in critical chain methods result in extra
delays in construction management.

Simulation methods are suitable for solving
resource-constrained project scheduling problems.
Monte Carlo techniques can determine adequate
buffers in the critical chain method by optimizing
resource levels under multiple resources. Ma et al.
[18] integrate buffer sizing methods and resource
leveling techniques to generate more proper
buffers. Fu et al. [19] provided an analytical
solution to create various execution strategies under
uncertainties and resource breakups in construction
projects. Li et al. [20] considered uncertainties in
both activity durations and lags between activities
and optimized the project schedule, leveling the
resources and minimizing the project duration using
both an evolutionary algorithm and a bat algorithm.
The results show that the EA’s results are better
than the BA’s. However, BA’s speed is faster than
that of EA’s. The surrogate measure is defined as
an objective function that comprehends the
sustainability of the schedule
throughout the project process. Milat et al. [21]
developed an optimization model to optimize
project duration and surrogates. Kaveh and Rajabi
[22] considered uncertainty costs when solving
discrete-time cost trade-off-resource optimization
using fuzzified modeling of uncertainties.
Mirnezami et al. [23] considered non-renewable
resources as uncertain stochastic parameters and
applied chance-constrained programming to solve
uncertain issues.

determined

BIM and schedule interactions have started to
be used in various studies. Wang et al. [24]
proposed a work package-based information and
schedule framework to handle resource deficits.
Work packages are information models that store
activity-specific knowledge and experiences. In the
study, relationships are built between IFC elements
and work packages. The constraint programming
technique is employed to solve the RCPS problem
in the study by [24].

Meta-heuristic methods are suitable for solving

NP-hard  problems.  Using  meta-heuristic
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algorithms, solutions can be converted to the
optimal solution within a limited time. Lixing
Wang et al. [25] compared the Monte Carlo method
and genetic algorithm methods for solving RCPS
problems. Hybrid methods are applicable for
solving RCPS problems. O. H. Bettemir and
Sonmez [26] applied genetic algorithms and
simulated annealing methods to solve RCPS
problems. Computer experiments are conducted by
testing various heuristics and the proposed hybrid
algorithm. Tran et al. [27] employed both artificial
bee colonies and differential evolution, utilizing
serial scheduling methods. Khanzadi et al. [28] used
colliding body optimization and charged system
search methods to optimize constraint-related
problems. J. Liu et al. [29] developed a new genetic
algorithm and compared its results with those of 19
different state-of-the-art metaheuristic algorithms
by solving benchmark problems in PSPLIB. The
construction of prefabricated structures is modeled
as PSPLIB and optimized by using an improved
genetic algorithm [30]. The ant colony is another
method for solving RCPS problems [31, 32].
Khalilzadeh [33] applied genetic algorithms and the
exact method to solve multimode RCPS. In that
study, preemptive activities are allowed. Feng et al.
[34] integrated the Multimode
Constrained Project Scheduling problem and the
Multi-Period Supply Chain Problem. They
hybridized particle swarm and genetic algorithms
and applied the Stackelberg game model to model
the supply chain’s issues. Zou and Zhou [35] used
the NSGA-II technique to optimize resource-
constrained repetitive project scheduling time-cost
values considering different resource supplies.

Financial management is crucial for sustaining
projects with limited financial resources. Net
present value (NPV) is one standard parameter that
is optimized along with project duration.
Asadujjaman et al. [36] optimized the NPV of
projects using a hybrid optimization method called
MO-IGA, which integrates genetic algorithms and
the immune optimization method. Mehrdad et al.
[37] optimized cash flows for multimode RCPS
problems using heuristic algorithms.

Resource-

Constraint programming (CP) techniques are
developed to solve constraint satisfaction problems.
They are a variation of linear and integer
programming methods. In resource-constrained
project scheduling cases, large-sized projects can be
solved using constraint programming methods. S.-
S. Liu and Wang [38] optimized project net present
value using constraint programming. IBM ILOG
CPLEX Optimization Studio was developed to
solve huge linear programming problems. It utilizes
the simplex method, a practical tool for solving
large-scale RCPS problems within a limited
timeframe [39]. Tang et al. [40] applied CPLEX to
solve RCPS in linear projects. Using the zero-one
programming technique, Siu et al. [11] optimized
resource supplies within supply limits for specific
periods.

2. Scientometric Analysis

Scientometric analysis has been applied for various
topics such as Zhao [41] conducted a scientometric
research along with a literature review. That study
examined studies published between 2005 and
2016, which was considered one of the initial
scientometric studies on the BIM literature. Since
then, various topics have been investigated in 473
articles on safety risk assessment, as studied by
Junjia et al. [42]. Bidding research activities are
investigated by Rashidi et al. [43]. In that study, 299
articles were analyzed by using Histcite and
Citespace software. Articles [44, 45] are recent
examples of scientometric studies on the AEC
discipline. Based on this information, there is no
essential scientometric study that focuses on RCPS
in civil engineering or any other engineering field.
The scientometric analysis could be necessary to
obtain information about the search field. Citespace
is used to analyze textual data downloaded from the
WoS database, which has been used to conduct
scientometric analyses since 2006 [46]. There are
2134 publications cited in these 128 studies.
Citespace classifies reference lists for each of the
128 articles to collect helpful information such as
DOI numbers and journal names. Before the
analysis, Citespace filters the top-cited references
for each period and constitutes a network graph by
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using the filtered articles, as seen in Fig. 5 which is
generated by using Citespace software.

The font size of the record depends on the
number of citations in the obtained text file. Co-
citations affect the connection between two nodes.
These connections generate a map that represents
the entire study and its clusters. The nodes are
clustered based on citation statistics. Based on the
labels of these clusters, the efficiency of the
research terms can be monitored and reported.

2.1. Burst values

Citation bursts are defined as periods of increased
citation counts. In this case, the study by Ponz-
Tienda et al. [47] is the only one that shows a
citation burst, specifically in the area of optimizing
resource leveling using genetic algorithms. Based
on the data, it also has the highest citation count.
The study was published in 2013, and its citation
burst took place between 2015 and 2019.

2.2. Clustering of studies

The nodes of two references are connected if these
two references have common citing studies. As an
increasing number of common citing studies, these

Lu M (2008)
Jarboui B{ZUUs))

Li H (2013)

Chen PH (2009)

Cai ZH (2011)_

Lova A (2009)

" [Christodoulou SE (2010)iP (2010)
Koulinas GK (2013)ran V (2015)

Senouci AB (2004)), A(iuﬂi

nodes have stronger relationships and are closer
than other nodes. After the network is formed, the
clustering algorithm utilizes the relationships
between these nodes to build clusters, as shown in
Fig. 6. Since no textual data is included in the
downloaded text files from the WoS database,
Citespace software cannot directly identify the
topics of reference nodes. To detect the topic of
references, Citespace software uses citing studies to
obtain the topic of the clusters. Title and keywords
are the two main options for getting labels from
titles and keywords, respectively. The clusters are
named based on citing studies. The references on
the graph can be clustered based on the titles of
cited studies.

Table 4 displays the cluster labels derived from
the title texts of the cited references. Fig. 6 shows
the clustered cited studies, with clusters labeled
according to the titles of the frequently cited
studies. The texts, such as titles and keywords, are
not available in the reference list in the WoS
database's text file. The Citespace software can
estimate the topic of citing references by obtaining
the research area of the cited studies.

Toklu YC (2002)

Goorghossh B 2000

Fig. 5. The network graph of cited articles (*Generated by Citespace Software; https://citespace.podia.com/)
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Table 4. Cluster labels based on titles

@
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e} Tobasve P
#11 resource-constrained construction project scheduling model
G © ¥ = -
e . - - .
oOQD o #18 resource-constrained project sche
°® e

Cluster No. Cluster Label (Titles) Average Year
0 package-based information modeling 2013
1 linear-discrete scheduling model 2005
2 serial method 2011
3 approach 2016
6 grouting construction project 2005
7 premutation-based elitist 2004
8 current status technologies 2016
9 resource leveling problem 2009
11 resource-constrained construction project scheduling model 2004
12 resource-constrained project scheduling heuristics 2018
14 project planning 2010
15 crashing construction project schedule 2016
18 resource-constrained project scheduling 2000
19 multiple decision-maker model 2008

The largest cluster is labeled “package-based
information modeling,” with 40 members. In this
cluster, most citing studies benefit
optimization methodology (meta-heuristic and
linear algorithms). The only article related to the
“work package” is Wang et al.’s [24] study, which
enables the information flow necessary to define
and model resource constraints throughout the

from

project. The study with the highest citation count is
in the “resource leveling problem” cluster [47].
Table 4 displays the cluster labels derived from
the title texts of the cited references. Fig. 6 shows
the clustered cited studies, with clusters labeled
according to the titles of the frequently cited
studies. The texts, such as titles and keywords, are
not available in the reference list in the WoS
database's text file. The Citespace software can
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estimate the topic of citing references by obtaining
the research area of the cited studies. The largest
cluster is labeled “package-based information
modeling,” with 40 members. In this cluster, most
citing studies benefit from optimization
methodology (meta-heuristic and linear
algorithms). The only article related to “work
package” is Wang et al.’s [24] study, which enables
the information flow necessary for resource
constraints to be easily defined and modeled
throughout the project. The study with the highest
citation count [47] is in the “resource leveling
problem” cluster. In Table 4, cluster names are
derived from the titles of publications, and the
average year represents the average publication
year within the related cluster.

In Table 4, cluster names come from the titles of
publications, and the average year represents the
average publication year in the related cluster.

Fig. 7 shows a landscape view that includes
publication agglomeration for each cluster period.

N S
e

P

[ .

[ .
_.A‘_;4
[N
—_——

R

[

In Fig. 7, three clusters (“#3 approach”, “#8 current
status  technologies”, and “#15 crashing
construction project scheduling”) remained till
recent years. Interestingly, the “#9 resource
leveling problem” did not remain after 2013. The
primary reason is that authors have tended not to
include “resource leveling” in their studies since
2013. A similar issue appears in Fig. 4: the word
“leveling” appears between 2007 and 2015;
however, it does not appear between 2016 and
2024.

2.3. Keyword analysis

Table 5 also displays the most frequently used
keywords over the last five years, indicating that
BIM technologies are integrated with RCPS
problems. Co-occurrence keyword analysis is
handled by VOSviewer software, which was
developed at Leiden University [48]. VOSviewer
collects studies that use the same keywords and
builds a network based on these usage statistics.

#0 package-based information modeling

#1 linear-discrete scheduling model

- #2 serial method

#3 approach

#6 grouting construction project

#7 premutation-based elitist

#8 current status technologies

#9 resource leveling problem

#11 resource-constrained construction project scheduling model

#12 resource-constrained project scheduling heuristics

#14 project planning

#15 crashing construction project schedule

#18 resource-constrained project scheduling

#19 multiple decision-maker model

Fig. 7. Clusters and publication years (*Generated by Citespace Software; https://citespace.podia.com/)
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Table 5. The most used keywords in different time periods

Author Keywords (DE) Number Ratio  Keywords-Plus (ID) Number  Ratio
Resource Leveling 7 47% Optimization 4 27%
Construction Management 3 20% Genetic Algorithms 2 13%
Genetic Algorithms 3 20% Algorithm 1 7%
§ Optimization 3 20% Balance 1 7%
& Construction Project 2 13% Bounding Distributions 1 7%
% Construction Scheduling 2 13% Construction 1 7%
Project Management 2 13% Convergence 1 7%
Ant Colony Optimization (ACO) 1 7% Cost Tradeoff Problem 1 7%
Artificial Neural Network 1 7% Discounted Cash Flows 1 7%
Artificial Neural Networks 1 7% Local Search 1 7%
Author Keywords (DE) Number Ratio  Keywords-Plus (ID) Number  Ratio
Construction Management 12 22% Optimization 16 30%
Resource Leveling 12 22% Model 11 20%
Scheduling 11 20% Management 8 15%
w  Optimization 10 19% Heuristics 7 13%
é Resource-Constrained Project 7 13% Resource 7 13%
.  Scheduling
§ Constraint Programming 6 11% Allocation 6 11%
Genetic Algorithms 6 11% Genetic Algorithm 6 11%
Project Management 6 11% Construction 5 9%
Project Scheduling 6 11% Particle Swarm 5 9%
Optimization
Genetic Algorithm 5 9% Ant Colony Optimization 4 7%
Author Keywords (DE) Number Ratio  Keywords-Plus (ID) Number  Ratio
Construction Management 11 19% Genetic Algorithm 19 32%
Project Scheduling 10 17% Optimization 18 31%
Resource Leveling 10 17% Algorithm 10 17%
<+  Optimization 9 15% Construction 10 17%
§ Scheduling 8 14%  Model 8 14%
é Genetic Algorithm 6 10% Particle Swarm 6 10%
S Optimization
Project Management 6 10% Time 5 8%
Construction Project 4 7% Allocation 4 7%
Differential Evolution 4 7% BIM 4 7%
Resource-Constrained Project 4 7% Classification 4 7%

Scheduling Problem

Author keywords (keywords provided by authors)
and keyword plus (keywords developed
categorically within the WoS database) are two
types of keywords included in the bibliometric data
file and can be analyzed using VOSviewer. Fig. 8
displays keyword plus co-occurrences. In Fig. 8, the
“optimization” keyword is the most used one. And
this keyword is highly co-occurred with “genetic
algorithm”, “construction”, and “model”. The
appearance of “genetic algorithm” indicates that

this methodology is the most widely used algorithm
in other meta-heuristic algorithms.

Fig. 9 shows the co-occurrence map of author
keywords. Both Figs. 8 and 9 display networks
within a color gradient, which indicates the
publication year. The main difference between
author keyword and keyword plus is that author
keyword highlights the study's objective, whereas
keyword plus emphasizes the study's methodology.
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From that perspective, novel topics can be “project scheduling” and “genetic algorithm” have
determined. Color grading in Fig. 9 displays the emerged as key terms over the last decade.
appearance date of each keyword. In this context,
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Table 5 is also generated using Bibliometrix
software, which displays the top ten keywords used,
along with their publication numbers and ratios to
the overall number of documents in related periods.
This analysis reveals differences in keyword usage
across different periods. For instance, the
“Resource Leveling” keyword is the most popular
between 1991 and 2006; after several decades, this
keyword lost its popularity in the author keyword
category. In case of the “Keywords-Plus” category,
the “Optimization” keyword has been used the most
and the second for the whole period. Interestingly,
the row for the “Genetic Algorithm” keyword
fluctuated between first and second place. And in
the “2016-2024” period, the “BIM” keyword
entered the list in the “Keywords-Plus” category.

3. Conclusion

Resource-constrained project scheduling has been
applied in the civil engineering field since the
1990s. Initial studies focused on resource leveling.
Since the start of the 90s, Various literature reviews
on RCPS have been made. Scientometric literature
reviews encompass quantitative analyses, including
co-author and co-citation analyses, and clustering
of publications can be made based on citation
statistics. Additionally, these techniques can be
used to identify the most influential authors,
journals, and countries in the field. From this
perspective, this study is the first to include several
scientometric analyses on RCPS in the civil
engineering field.

This study makes several significant
contributions to the field of resource-constrained
project scheduling (RCPS) in civil engineering.
Firstly, it is the first to comprehensively apply
multiple scientometric analysis tools—Citespace,
VOSviewer, and Bibliometrix—to analyze the
RCPS literature, providing a multifaceted
understanding of research trends, influential
authors, journals, and countries. Secondly, the
study offers a novel integration of keyword analysis
and clustering techniques to identify emerging
topics. Additionally, it provides a detailed temporal
analysis of keyword evolution and
formation, revealing shifts in research focus over

cluster

time. The novelty of this research lies in its holistic
approach, which combines bibliometric, co-
citation, and keyword co-occurrence analyses, a
combination that has not been previously employed
in the context of RCPS.

Citespace is used for generating a network map
for cited references (in Fig. 5), for clustering these
references (in Fig. 6), and a landscape view for
these clusters (in Fig. 7), which displays publication
agglomeration for each cluster. VOSviewer is used
for generating co-occurrence for keywords as given
in Figs. 8 and 9. Bibliometrix is a suitable software
package for generating summarized statistics (e.g.,
the most cited author, study, etc.) from the obtained
data file. The word clouds in Fig. 4 and the keyword
usage statistics in different periods in Table 5 are
generated using the Bibliometrix software.

A significant proportion and even highly cited
scientometric studies fail to provide trends and
popular keywords on different time scales. In this
study, Figs. 4 and 7, as well as Table 5, display the
frequently used keywords and popular topics in
RCPS within the AEC literature. From that point, a
significant finding may emerge, showing that
different topics appear at varying times. For
instance, from these figures, the “Resource
Leveling” keyword is losing popularity. The same
issue is also evident in Table 5.

Although this study has
contributions, it also has some limitations. The

made valuable

analysis is based on data from the Web of Science
(WoS) database, which may have
restrictions, such as language bias or insufficient
representation of regional
journals. Another limitation of this study is the low
count of 128 publications, which is particularly
notable given the prevalence of
methodologies, despite RCPS being an established
tool in construction and project management. For

inherent

and non-indexed

novel

instance, 41,827 papers are analyzed for the topic
of Al in the AEC industry [49], and 1,147 papers
focus on research trends in green buildings [50].
One crucial outcome of the lower publication count
in RCPS is that a limited citation burst analysis is
conducted; only one study managed to achieve a
citation burst, as referenced as [47], which utilized
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the genetic algorithm. Although a lower number of
studies are published in the literature, trending
topics can be tracked, especially in Table 5 and
Fig.4. Figs. 8 and 9 also display several clues on
trending topics by providing color grading of
keyword occurrence dates. Resource-constrained
project scheduling can support different disciplines
as various technologies are developed and
integrated ~ with  construction = management.
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