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INTRODUCTION

Construction projects are executed by organizations

ABSTRACT

Although planning is one of the most crucial processes of the project management process
group, the significance of planning software features has not been elaborated comprehensively.
The absence of this theoretical foundation causes confusion among construction practitioners
when it comes to select software that meets their expectations. Therefore, in this study, it is
aimed to figure out the main features of planning software along with their significance. First-
ly, an in-depth literature review was conducted to detect the features of the planning software.
Later, a focus group discussion (FGD) conducted with 10 experts who worked in the planning
domain was organized to validate or omit the findings obtained from the literature. Next, a
questionnaire survey was conducted with the same experts to score the planning features. Af-
ter the Fuzzy Analytical Hierarchy Process (AHP) analysis, the ranks of the planning features
were obtained. The results revealed that Cost Management, Resource Management, and Proj-
ect Performance Measurement were the top three feature categories. Under each category, the
following features were deemed as the most important features: Resources Allocation, Defin-
ing of Different Unit Price Types, Earned Value Analysis, Activity Code, Assigning Calendars
to the Lags and Resources and Allowing Different Calendars in a Project. It is believed that the
outcomes of this study provide a deep insight into the critical features that should be integrat-
ed into planning software. In other words, this study conducts a need analysis for the planning
software. In this way, planning software developers focus on the most important features.

Cite this article as: Okudan O, Cevikbas M, Isik Z. An exploratory study on the critical fea-
tures of construction project planning software. Sigma ] Eng Nat Sci 2023;41(4):781-792.

complex, and this increase the uncertainty in the construc-

tion projects [1]. Furthermore, developments in technology

with limited resources within a defined period. Having UPSUrge the competition among the construction firms,
sophisticated multidisciplinary works, planning the har- and this increase the number of fast-track projects as well

monization of all these limited resources is enormously as associated risks which may eventually turn into delays.
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Coupled with the dynamic, turbulent environment of con-
struction projects, time overrun is mostly unavoidable in
construction projects and the majority of the construction
projects fail in settling time-related disputes [2].

To overcome this interminable issue, planning plays a
crucial role. Planning is defined as a roadmap to be fol-
lowed to achieve predefined goals. To adapt changing
environment of the construction industry, individuals and
institutions have to set goals and they can reach these goals
through planning mediums [3], which is one of the most
critical benefits of the project management process today
[4]. If the planning is not conducted effectively, the major-
ity of activities in the construction projects are likely not
to meet their targets [5]. Schedule slippages may end up
with massive cost overruns in construction projects across
the globe [6], and this turn into a conflict between the con-
tracting parties over time [6]. Conflict is an inevitable part
of the construction industry, and the majority of conflicts
conclude with a dispute in construction projects [7]. One of
the biggest triggering factors of the dispute is project delay
with a rate of 11% [6]. If the project planning is not con-
ducted appropriately, the contractor cannot complete the
project on the planned date, which may cause the contrac-
tor to pay compensation, and close relationships between
the contracting parties may deteriorate. By the same token,
the performance of the projects in the construction indus-
try can be significantly enhanced by conducting a proper
project planning process [8]. Therefore, researchers con-
ducted many studies to improve the planning domain in
the construction industry.

Many planning programs adopting the Gantt method,
Critical Path Method (CPM), Linear Scheduling Method
(LSM) and Program Evaluation and Review Technique
(PERT) are actively used in the engineering practice.
However, the applicability of these techniques varies
according to the type and size of the project. In recent
years, the technological development of planning pro-
grams has gained importance and planning techniques
have begun to be used more effectively as a result of the
integration of planning techniques into 4D-BIM and
Enterprise Resource Planning (ERP) [7]. Despite the
importance of planning in projects, few planning tech-
niques have been developed and the effectiveness of these
techniques is still a matter of debate. Therefore, planning
methods such as LSM, PERT, Gantt and CPM were elab-
orated and their effectiveness was improved over time in
the literature [9-15]. Adopting different planning meth-
ods such as Gantt, CPM, PERT and LSM, many sched-
uling software has been developed over the last decades.
Since their effectiveness varies from project to project, the
application and effectiveness of existing planning software
were elaborated by various studies [16-19]. Also, planning
techniques and best practices were investigated and the
body of knowledge concerning the planning domain was
improved by institutions such as PMI (1996) [4], which
results in unity in planning practices around the world.

Today, many disciplines work together in construction
projects and the interfaces between these disciplines have
become very complex. Thus, the developing technology
has proven the need to move planning beyond stand-alone
applications so that studies concerning the integration of
planning medium into the BIM domain were also con-
ducted by the researchers [20, 21]. In this respect, trends
have recently shifted from stand-alone planning software
towards 4D-BIM. 4D-BIM software is even expected to
replace all other planning software in near future. Thus,
various studies were conducted to improve the effective-
ness of 4D-BIM software. For instance, Chou and Yang
[22] and Coyne [23] investigated the applicability of delay
analysis in a BIM environment. The results revealed that
most of the problems related to the delay analysis domain
could be resolved by conducting delay analysis with BIM.
In the past few decades, CPM and PERT - which do not
consider resource constraints - were used as the top two
fundamental scheduling methods in construction projects
[24]. However, the availability of resources in construc-
tion projects is generally limited and the project schedule
created with the help of CPM or PERT methods generally
requires further optimization to also consider resource
constraints. Therefore, the optimization of scheduling
was also examined and improved in the literature [25]. In
addition to this, without dealing with optimization, the
resource levelling feature of planning was investigated and
improved in the literature [26-29]. Moreover, construc-
tion safety planning was also elaborated to improve this
domain [30-32]. Furthermore, the main factors affecting
planning outcomes in construction projects were also
detected [33].

Although there are many studies on planning in the
literature as explained above, the existing studies do not
consider the adequacy of the planning features that are
integrated into scheduling software such as primavera.
The lack of this theoretical basis creates confusion among
construction practitioners when it comes to selecting
software that meets their expectations. In case the critical
features and/or tools of a planning software are revealed,
decision-makers could well identify software that is
equipped with these features. Besides the construction
practitioners, critical features are of paramount impor-
tance also for developer firms. They could integrate and/
or improve the user experience of these critical features.
To diminish these drawbacks as well as manage the rapid
development of planning thoroughly, this study aims to
determine the main features of the planning software and
to determine the degree of importance of these features.
For this reason, in our study, first of all, the features of
the planning software were revealed by conducting an
in-depth literature review. Afterwards, the findings of
the literature review were further validated by conduct-
ing focus group discussions (FGD) which were organized
with the participation of construction practitioners. Then,
a questionnaire survey was conducted with 10 experts
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who worked in the field of planning for a minimum of 5
years and used at least two different planning software.
The data obtained from the questionnaire were analyzed
using the Fuzzy AHP (FAHP) method and the importance
levels of the features that are or should be in the planning
software were determined. In this way, this study will shed
light on the firms developing planning software as well as
practitioners selecting the most ideal planning software.
Additionally, this study will fill the gap in the literature
and influence the researchers focusing on the planning
domain.

MATERIALS AND METHODS

This study aims to identify and prioritize the features
of planning software. In this way, the firm developing and
marketing planning software and construction practi-
tioners will be provided with a deep insight into the critical
features that should be integrated into planning software.
In other words, this study conducts a need analysis for the
planning software. Accordingly, the research methodology
given in Figure 1 was followed to achieve the objectives of
this study. As depicted in Figure 1, the adopted research
methodology was comprised of two stages. These stages
are feature detection and verification, and assessment of
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the criticality of the features. In the first stage, an exten-
sive literature review was conducted to identify the features
which are available within the literature. This step was then
followed by an FGD session.

In the FGD sessions, the experts assessed the validity
of the features extracted from the literature and proposed
additional features that are not unfolded by the existing
studies. In this respect, this study makes a significant con-
tribution to construction management literature since the
theoretical knowledge of the researchers is merged with
the practical experience of the construction experts. At the
end of the session, the experts also categorized the features
based on their similarity and relevancy. At the final stage,
a questionnaire survey was conducted and the survey data
was evaluated by using FAHP analysis to determine the
criticality of each feature. The data reliability was verified
by conducting a consistency analysis.

Feature Detection and Verification

As depicted in Figure 1, a comprehensive literature
review was conducted to identify the critical features that
were proposed by existing studies. During this litera-
ture review, the search engine Scopus was preferred since
Scopus has long been known as one of the most compre-
hensive and effective search engines [34-36]. Firstly, the
keywords that will be used in the literature review process
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Figure 1. Implemented research methodology.
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were detected in a similar manner presented by Cevikbas
and Isik [37]. Accordingly, the keywords such as “feature’,
“scheduling’, “schedule”, “planning’, and “4D” were adopted
to reveal the related research. It should be noted that only
peer-reviewed research articles and papers presented at
prestigious conferences were utilized to maximize the reli-
ability of the literature review. Furthermore, to maximize
the scope of the literature review, a snowballing approach
was implemented. This approach is highly beneficial when
it is complemented with a systematic literature review [38].
The snowballing approach dictates to review of the stud-
ies which are cited by the papers extracted from Scopus
[39]. This step was followed by the elimination step. In
this step, the titles and abstracts of the studies were deeply
examined to eliminate the papers that do not focus con-
struction industry or projects. Secondly, the papers that
do not focus on planning software and their features were
also eliminated. Consequently, the literature review yielded
17 features that are included or should be included in the
construction planning software. These features and their
sources are presented in Table 1.

Following the literature review stage, a series of FGD
sessions is organized. As one of the most popular qual-
itative research techniques, FGD has long been imple-
mented for researchers to collect data through dynamic
and interactive group discussions [40]. In essence, the
method is ideal to surface and formalize the tacit practical
knowledge of the practitioners. The dynamic interactions

Table 1. Features of Planning Software

between the participants enable to exchange of ideas,
points of view, and experiences [35]. Although FGD has
various promising benefits as also stated by Nyumba et al.
(2018) [41], the sample size is a significant factor to mate-
rialize these benefits. However, there are no certain rules
regarding the size of the focus group. The large sample of
20 and 50 is not recommended due to issues stemming
from moderation. In the meantime, a sample size smaller
than 5 participants should also be avoided since it reduces
the reliability and prevents extracting creative ideas [42].
Thus, in this study, a group of 10 experts was determined.
Experts were selected based on the judgement sampling.
Accordingly, their background was deeply examined to
reveal their eligibility for the research. In case the experts
were deemed ideal for the study, there were invited to par-
ticipate in the research. The profile of the experts were
presented in Figure 2. As is illustrated in Figure 2, sur-
veying consists of 6 civil engineers, 2 mechanical engi-
neers and 2 architects. Their experiences in planning in
the construction industry vary between 5 to 16. While a
majority of the participants have bachelor’s degrees, 2 out
of 10 have master’s degrees. Also, construction concern-
ing high-rise buildings and road constitutes the majority
of the experience of the experts. it can be inferred from
the figure that participants’ backgrounds are sufficient to
reveal the importance of the planning features.

Then, the first session was conducted and experts were
asked to assess the validity of the features extracted from

Features Included or Should Be Included in
the Planning Software

Jamadar [29]

Bhosekar
et al. [43]

Subramani FGD

etal. [17]

Ertas
[44]

Bigkes
et al. [45]

Resource Management

Resource Leveling

Resources Allocation X
Financial period X
Resource Curves Entry for the Resources

Cost management

Defining Different Unit Price Types

Currency Entry

Project Performance Measurement

Earned Value Analysis X
Detailing the progress steps X
Monitoring

Document Control X
Activity Code

Spotting future activities on Gantt Chart X
Risk Analysis

Calendar

Assigning Calendar to the Lags and Resources

Allowing Different Calendars in a Project X
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the literature. During the session, the validity of each fea-
ture was asked in order. If the experts unanimously agreed
that a particular feature is invalid, it was then eliminated. In
case the experts can not reach a consensus, the final deci-
sion was made based on the opinion of the majority. As a
result of the session, it was recommended to remove the
features such as “Critical Path Analysis”, “Cost and Expense
Control”, and “Work Breakdown Structure (WBS)” from the
list since they are already included in all planning software.
Additionally, experts agreed to further eliminate features
such as “Detection of variances”, “Record Management,
“Emailing the Relevant Persons”, “Comparison of Programs
in terms of Revisions”, and “Allowing the Production of
What If Charts” due to the reasons that these features pro-
vide little benefit to a software.

In the second session, the experts were asked to propose
new features. Suggestions of each expert were collected and
their validity was assessed based on the similar mechanism
presented above. Accordingly, features such as “Resource
Leveling”, “Resource Curves Entry for the Resources’,
“Defining of Different Unit Price Types”, “Risk Analysis’,
and “Assigning Calendar to the Lags and Resources” were
proposed by the experts. At the final part of the session,
the experts categorised the attribute list under the sec-
tions of “Resource management’, “Cost management’,
“Project Performance Measurement’, “Monitoring”, “Risk
Management” and “Calendar”. Consequently, the final list
of features is obtained and presented in Table 1.

Feature Evaluation

Uncertainties in the engineering practice are one of
the biggest factors that complicate the decision-making
process. Therefore, many efforts have been put forward to
eliminate these uncertainties in the decision-making pro-
cess by developing various tools and techniques such as
TOPSIS, ELECTRE, Analytical Hierarchy Process (AHP),
and Analytical Network Process (ANP). AHP is one of the
most preferred MCDM methods in the field of construc-
tion management [46-48]. The method provides three crit-
ical advantages compared to other methods [49]. Firstly, the
method provides a highly comprehensible procedure owing
to the hierarchical representation of the research problems.
Secondly, since the method is capable of identifying incon-
sistent data sets, it can provide a reliable result with a small
sample size. Last but not least, its successful implementation
in a wide range of disciplines makes it a highly reliable tech-
nique [50]. Furthermore, the method’s reliability has been
further maximized thanks to its integration with the fuzzy
set theory [50]. Owing to the well-proven benefits of fuzzy
set theory, the FAHP even outperforms the conventional
AHP by further diminishing the ambiguity that exists in
the nature of the decision-making [50]. Consequently, the
FAHP method - which was developed by Chang [51] was
implemented in this study. The following steps were carried
out:

Step 1. Expert Selection and Data Collection: Similar
to the FGD method, the data quality is a more significant
factor than the data size. In this respect, the experts should
be selected rigorously to further maximize the reliability of
the FAHP analysis. In line with this principle, purposive
sampling was implemented, and the background of each
expert was thoroughly examined. The profile of the experts
was depicted in Figure 2. Figure 2 reveals that experts have
sufficient eligibility for this study. Thus, the results derived
from their opinions present significant practical impli-
cations. Furthermore, the sample size of 10 experts was
deemed sufficient and convenient for many studies in the
literature [52-55].

The expert selection step was followed by the data col-
lection step. The questionnaire survey included three sec-
tions. The structure of the survey is given in Appendix 1. In
the first section, the experts were directed questions about
their background as well as brief information about the
research objectives and design. In the second session, the
experts made pairwise comparisons between the catego-
ries of features. In the last section, the pairwise comparison
for features within each category was made. Accordingly, a
FAHP survey was designed, and the data was collected via
face-to-face and/or online meetings. In this way, required
assistance about the survey was provided to the partici-
pants, maximizing the reliability of the analysis. Since the
linguistic variables were used in the questionnaire design,
experts could reflect their answers more effectively [49].

Step 2. Consistency check: The consistency check
was one of the most critical steps of the study. At this step,
the consistency of each matrix completed by each expert
was checked. In case a particular matrix was found to be
inconsistent, it was rechecked by the corresponding partic-
ipant. The consistency check was performed by following
the procedure proposed by Saaty (1980) [56]. Accordingly,
the CR of each matrix should be less than 10% to be con-
sidered consistent. It should be noted that the A,,,,, RI, CI,
and n are called as the maximum eigenvalue of the corre-
sponding matrix, the random index, the consistency index
and the number of criteria of the corresponding matrix,
respectively.

cl = )Lmax_n
T on-1 (1)
CR = ¢l
" RI )

Step 3. Aggregation of decision matrices: At this step,
the judgments of the participants were merged to obtain
aggregation decision matrices. Accordingly, the following
formula is performed to obtain aggregated decision matri-
ces [49], [57]. It should be noted that, as also presented in
Eq. 3, the geometric mean should be used for each compo-
nent of the triangular fuzzy numbers.
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Occupation

LI Civil Engineer

LI Mechanical
Engineer
| Architect

Experience in construction industry
(Year)

L1 5-7

18-10

11-13

114-16

Firm

Figure 2. Profile of the experts participating in the study.

K 1/K
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K 1/K K 1/K
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where K is the total number of respondents.

Step 4. Application of Chang’s extent analysis: Let
X = {x1, %5, X3, e eun e , X} and U = {ug, uy, U, oo oee .. u,,} are
object and goal sets respectively.

Experience in Planning
(Year)

Degree

it M.Sc. d B.Sc

L1 Airport

I High Rise Building
LI Roads&Bridges

I Dam
L1 Shopping Mall

I Industrial Project

Step 4.1 Calculate fuzzy synthetic extent value:
Accordingly, the fuzzy synthetic extent value for ith object
was calculated by performing the following formulas.

-1

Z Z M), (4)
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: : (5)
j=1 Jj=1 j=1
n o m m m m
il =
ZzMgi = le,ij,Zuj (6)
j=1j=1 j=1 j=1 j=1

_( 1 1 1 )
?:1 u;’ Z?:l um;’ Z?:l li 7)

Step 4.2 Calculate the degree of possibility: The
degree of possibility was computed by using a fuzzy syn-
thetic extent value. Equations 8 and 9 were implemented
to determine the degree of possibility of M, = (I,, m,, u,) =
M, = (I}, my, w)). M, = (I, my, u;) and M, = (I, m,, u,) are
expressed as triangular fuzzy numbers.

V(M; = My) = sup|min(py; (), ()] )
y=x
1 ifmy,=2m
0 ifl, >
V(M = My) = htg(M; N M,) = { I, —u, o ] (9)
————————— otherwise
(my —uy) — (my — y)

M, and M, are compared by considering two cases of V
(M, =2 M,) and V (M, 2 M,).
Step 4.3 Calculate the degree of possibility for a
convex fuzzy number: The following equation was then
utilized

V(M = M, M,,...,M) = V[(M = M),(M = M,),...,(M = M)]
= minV(M = M,) (10)

where i=1,2,3,......... , k.

Step 4.4 Calculate the weights: Considering that d’
(A) =min V (S; 2 S, fork=1,2, ..., n; k # I; weights of each
criterion were computed as follows.

W' = (d'(A),d'(42), ..., d" (A))" (11)
where A,(i=1,23,......... , n) are n elements.
Step 4.5 Calculate the normalized weights: The nor-

malized weights were obtained for each problem as shown
below:

W = (A4, d(A,), .., d(4,))" (12)

Consequently, the results obtained from FAHP analysis
are presented in normalized weights provided in Table 2.

Step 5 Sensitivity analysis: As the last step of the anal-
ysis, sensitivity analysis was conducted to validate the sta-
bility of the results. In essence, the sensitivity analysis aims
to reveal the change in the results with the variations in the
input data [58]. In case such changes are marginal, the anal-
ysis results are deemed stable and reliable. The sensitivity
analysis is performed by reiterating the same fuzzy AHP
analysis with various degrees of fuzziness which had ini-
tially been taken as 0.5. In this study, the analysis was con-
ducted by taking the degree of fuzziness as 0.4 and 0.6. The
results of the sensitivity analysis are presented in Figure 3.

RESULTS AND DISCUSSION

As is identified in the analysis, the cost management
feature far outweighed the other features. Ending up
with rapid environmental changes, construction projects
upsurge the pressure on project management in terms of
time and cost which are affecting the project’s success [59].
Nominately, Larsen et al. [60] also pinpointed that cost
overrun is deemed a global phenomenon in construction
projects. Since cost is one of the most crucial success cri-
teria in construction projects, monitoring and controlling
are needed. Additionally, time is one of the critical factors
affecting cost management, and integration of the cost into
time allows the project manager to manage the cash flow
of the projects. This integration could maximize the resil-
ience of the construction projects since, as also highlighted
by Viles et al [61], the majority of the administrative prob-
lems stem from poor cash flow management. One of the
breakdowns of the cost management option is “Allowing
the Defining of Different Unit Price Types” Projects may
have more than one contractor having a different agree-
ment in terms of payment. Therefore, planning software
enabling to generate different unit price types is believed
to increase its practicality. Additionally, currency entry is
another breakdown of the cost management option of the
planning software. Commonly, the rapid development of
the construction industry and globalization trigger the
use of different currencies in projects. Project stakeholders
such as owners, contractors, subcontractors, suppliers, con-
sultants, service providers, etc. may have contracts signed
among them in a different currency. Therefore, cost man-
agement gains further importance in projects using more
than one currency, and the availability of currency entry is
believed to improve the usability of planning software.

Resource management option in planning software
- which constitutes “Resource Leveling”, “Resources
Allocation”, “Financial period” and “Resource Curves
Entry for the Resources” - is the second important factor.
Distribution of resources such as materials, labor, machin-
ery & equipment and their timely use affect the profit-
ability of the projects. While resource management with
planning software increases the productivity of resources,
it reduces slippage of the resources by enabling resource
levelling as well as resource allocation. More than a few
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current conventional resource management methods such
as resource levelling and resource allocation are adopted to
overcome the efficiency of resource utilization; however,
they are not comprehensive options to resolve the existing
problems in the construction industry. Because various
studies such as Huynh and Lucko [62] state to the impor-
tance of resource management particularly for large-scale
construction projects, the resource management domain
should be improved in accordance with the expectation of
the construction industry.

Project Performance Measurement which consti-
tutes the attributes such as “Earned Value Analysis” and
“Detailing the Progress Steps” is a key medium in terms
of monitoring the project. It is claimed that many factors
have a significant effect on the performance of construction
projects [59]. Since the project performance measurement
tool is a very vital aspect of the project management pro-
cess, planning software enabling the project performance
measurement attributes will highly contribute to the suc-
cess of the projects.

The study conducted by Vacanas and Danezis [63] high-
lighted that the project should be continuously monitored
in accordance with the plan. Being a significant aspect of
the project management process, monitoring process tools
enabled by planning software will highly contribute to the
success of a project. Since “Document Control”, “Activity
Code”, and “Spotting future activities on Gantt Chart” are
of paramount importance, planning software should more
focus on these features to satisfy the expectation of the

Table 2. Weights and Ranks of features

construction industry. Document control - which is one
of the most crucial medium of the monitoring process -
enables the project to look at the planning from a different
perspective. Therefore, improving the activity code domain
in the planning software is believed to lead to more com-
prehensive monitoring of construction projects. Under the
monitoring tool, risk management is one of the most sig-
nificant medium of planning software; however, many of
them disregard the concept of risk management. A holistic
examination of uncertainty and an integrated risk manage-
ment tool is mandatory to rise the success of a construction
project schedule [64]. However, quantitative risk analysis
techniques such as Monte Carlo Analysis are mostly pro-
vided as different stand-alone software. Since risks are
very common and affect the works carried out on-site, it is
believed that the integration of qualitative and quantitative
risk analysis into planning software will improve the suc-
cess of construction projects.

Although the calendar has been adopted by planning
software for along time, “Assigning Calendar to the Lags and
Resources” and “Allowing Different Calendar in a Project”
have been overlooked [65]. Since activity duration and lag
change according to the assigned calendar which may affect
the longest path of the projects, planning software enabling
the calendar to be assigned to the activity duration, lag and
resources are very crucial. Additionally, allowing different
calendar improves the reliability of schedules by assigning
different working calendars to the resources as well as work
activities. In such cases, as also stated by Cevikbas and Isik

Features Weights Normalized Weights Ranks
Resource Management 0.772 0.226 2
Resource Leveling 0.169 0.072 4
Resources Allocation 1.000 0.430 1
Financial period 0.629 0.267 2
Resource Curves Entry for the Resources 0.533 0.229 3
Cost Management 1.000 0.292 1
Defining of Different Unit Price Types 1.000 0.621 1
Currency Entry 0.610 0.379 2
Project Performance Measurement 0.577 0.169 4
Earned Value Analysis 1.000 0.556 1
Detailing the progress steps 0.798 0.444 2
Monitoring 0.667 0.195 3
Document Control 0.546 0.205 3
Activity Code 1.000 0.375 1
Spotting future activities on Gantt Chart 0.431 0.162 4
Risk Analysis 0.691 0.259 2
Calendar 0.4025 0.121 5
Assigning Calendar to the Lags and Resources 1.000 0.500 1
Allowing Different Calendar in a Project 1.000 0.500 1
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Figure 3. Results of the sensitivity analysis.

[7], the same path may include activities having different CONCLUSION
total floats according to their distinct calendar. This also
complicates the definition of the critical path; therefore,
developing a planning software tool clarifying this vague-
ness may improve the use of planning mediums.

Besides results of the sensitivity analysis reveals that
rankings of the planning features do not vary concerning the contributions of the studies concerning the planning
the degree of fuzziness so that the analysis was deemed domain, there is no study investigating the significance of
reliable. the features of planning software. This study aims to detect

Generating construction planning entails considerable
experience and practical knowledge as well as planning
software that has sufficient tools. The effectiveness of plan-
ning software relies on its capabilities. Notwithstanding
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the basic features of planning software, and then reveal the
significance levels of the determined features. First of all,
a comprehensive literature review was conducted to deter-
mine the features of the planning software. Afterwards, an
FGD session was conducted with 10 experts working in the
field of planning to confirm the findings or remove them
from the list. Then, a survey was conducted with the same
experts to score the planning features, and the information
obtained was analyzed via the FAHP method to reveal the
importance of the planning features.

Planning is one of the very important Project
Management Process Group having very critical roles in
13 knowledge areas defined by the Project Management
Institute (PMI) [66]. Since planning software plays a cru-
cial role in the construction industry, it should satisfy the
demands of the practitioners taking part in construction
projects. The main contribution of this study is to reveal all
the required functions as well as their significance for plan-
ning software. As is illustrated in the results and discussion
section, the categorization of planning feature, namely Cost
management received the highest score. It was followed by
other categorizations such as Resource Management, Project
Performance Measurement, Monitoring and Calendar
respectively. Under each category, the following features
are deemed as the most important features: Resources
Allocation, Defining of Different Unit Price Types, Earned
Value Analysis, Activity Code, Assigning Calendars to the
Lags and Resources and Allowing Different Calendars in a
Project. It is highly believed that these outcomes allow plan-
ning software developers to improve the most important
features of planning software. Furthermore, construction
companies can choose planning software that meets the
expectations of the construction industry with the help of
the outputs obtained from this study.

This study was conducted mainly on Turkish experts.
However, the results may vary concerning country-spe-
cific conditions. Thus, further studies could focus on other
countries and/or regions. Furthermore, by using the same
feature list presented in this study, the variations between
the expert’s preferences could also be examined. Lastly, the
effectiveness of various planning software in terms of offer-
ing these features could be tested and validated in future
studies.

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

ETHICS

There are no ethical issues with the publication of this
manuscript.

REFERENCES

[1] Tatari O, Castro-Lacouture D, Skibniewski MJ.
Performance evaluation of construction enter-
prise resource planning systems. ] Manag Eng
2008;24:198-206. [CrossRef]

Cevikbas M, Okudan O, Isik Z. New delay-analy-
sis method using modified schedule and modified
updated schedule for construction projects. ] Constr
Eng Manag 2022;148:11:1-18. [CrossRef]

Tecim V, Sinan G. Siire¢ odakli proje planlama:
Bir uygulama. Aksaray Universitesi [IBF Derg
2009;1:165-180. [Turkish]

Project Management Institute. Project Management
Body of Knowledge (PMBOK). 1996.

Zwikael O. Critical planning processes in construc-
tion projects. Constr Innov 2009;9:372—387. [CrossRef]
Cevikbas M, Koksal A. An investigation of litiga-
tion process in construction industry in Turkey. Tek
Dergi 2018;29:8715-8729. [CrossRef]

Cevikbas M, Isik Z. An overarching review on
delay analyses in construction projects. Buildings
2021;11:1-25. [CrossRef]

Majumder S, Majumder S, Biswas D. Impact of effec-
tive construction planning in project performance
improvement. Qual Quant 2022;56:2253-2264.
[CrossRef]

Rimoldi BE. A decomposition approach to CPM.
IEEE Trans Inf Theory 1988;34:260—270. [CrossRef]
Chrzanowski RN, Johnston DW. Application
of linear scheduling. ] Constr Eng Manag
1986;112;4:476—491. [CrossRef]

Sarica I. CPM ve PERT teknikleriyle proje planlama
ve bir isletmede uygulanmasi (ytliksek lisans tezi)
Bursa: T. C. Uludag Universitesi Sosyal Bilimler
Enstitiist; 2006.

Tumtirk A, Tumtirk E. Programming the
urban transformation of building projects with
critical path method: An example of Izmir
Karsiyaka. Dumlupinar Univer Sos Bilim Derg
2020;63:175-190.

Harmelink DJ, Yamin RA. Comparison of linear
scheduling model (LSM) and critical path Method
(CPM). ] Construct Eng Manag 2001;127:374-381.
[CrossRef]

(2]

(3]

(4]
(5]
(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]


https://doi.org/10.1061/(ASCE)0742-597X(2008)24:4(198)
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002394
https://doi.org/10.1108/14714170910995921
https://doi.org/10.18400/tekderg.389757
https://doi.org/10.3390/buildings11030109
https://doi.org/10.1007/s11135-021-01224-5
https://doi.org/10.1109/18.2634
https://doi.org/10.1061/(ASCE)0733-9364(1986)112:4(476)
https://doi.org/10.1061/(ASCE)0733-9364(2001)127:5(374)

Sigma J Eng Nat Sci, Vol. 41, No. 4, pp. 781-792, August, 2023

791

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

(29]

Kawa S. Methods of Project
Construction Projects. 2020:1-16.
Kurt O. Proje planlama ve programlama teknikleri ve
ingaat sektoriine ait bir uygulamas: (yaymlanmamis
yitksek lisans tezi). Antalya: Akdeniz Universitesi;
2006.

Turbit N. Asta Powerproject: Project Management
Software. 'The Project Perfect White Paper
Collection.

Subramani T, Jabasingh DSS, Jayalakshmi J. Analysis
of cost controlling in construction industries by
earned value method using primavera. ] Eng Res
Appl 2014;4:145-153.

Solanki D, Raol JD. Minimize the fluctuation in
Labour Productivity using Primavera P6. Int J Sci
Res Dev 2015;3:25-27.

Kutlu NT. Proje planlama teknikleri ve pert teknigi-
nin Insaat sektdriinde uygulanmasi {izerine bir
alisma. Dokuz Eyliil Universitesi Sosyal Bilimler
Enstitiisti Dergisi 2001;3:1-38.

Jin Z, Gambatese J, Liu D, Dharmapalan V. Using 4D
BIM to assess construction risks during the design
phase. Eng Constr Archit Manag2019;26:2637-2654.
[CrossRef]

Gledson BJ, Greenwood D. The adoption of 4D
BIM in the UK construction industry: An innova-
tion diffusion approach. Eng Constr Archit Manag
2017;24:950—967. [CrossRef]

Chou HY, Bin Yang J. Preliminary evaluation of
BIM-based approaches for schedule delay analy-
sis. IOP Conf Ser Mater Sci Eng 2017;245:062048.
[CrossRef]

Coyne K. Leveraging the power of 4D models for
analyzing and Presenting CPM schedule delay anal-
yses. 2008.

Bettemir OH, Sonmez R. Hybrid genetic algorithm
with simulated annealing for resource-constrained
project scheduling. ] Manag Eng 2015;31:1-8. [CrossRef]
Xie L, Chen Y, Chang R. Scheduling optimization of
prefabricated construction projects by genetic algo-
rithm. Appl Sci 2021;11:5531. [CrossRef]

Mattila KG, Abraham DM. Resource leveling of lin-
ear schedules using integer linear programming. J
Constr Eng Manag 1998;124:232—244. [CrossRef]
Orgiit RE. Resource leveling of a linear construction
project using branch and bound algorithm (mas-
ter thesis). Istanbul: Istanbul Technical University
Graduate School of Science Engineering and
Technology; 2012.

Georgy ME. Evolutionary resource scheduler for
linear projects. Autom Constr 2008;17:573—583.
[CrossRef]

Annappa Nimbal V, Jamadar B. Planning, sched-
uling and allocation of resources for multi-storied
structure using Oracle's primavera P6 software. Int
Res J Eng Technol 2017;4:2762-2768.

Planning for

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

(38]

(39]

(40]

(41]

(42]

(43]

(44]

Bansal VK. Application of geographic information
systems in construction safety planning. Int J Proj
Manag 2011;29:66—77. [CrossRef]

Choe S, Leite E Construction safety planning: Site-
specific temporal and spatial information integra-
tion. Autom Constr 2016;84:335—344. [CrossRef]
Rodrigues F, Baptista JS, Pinto D. BIM approach in
construction safety-a case study on preventing falls
from height. Buildings 2022;12:73. [CrossRef]

Laufer BA, Cohenca D. Factors affecting construc-
tion-planning outcomes. ] Constr Eng Manag
1990;116:135—156. [CrossRef]

Graham P, Nikolova N, Sankaran S. Tension between
leadership archetypes: systematic review to inform
construction research and practice. ] Manag Eng
2020;36:03119002. [CrossRef]

Okudan O, Budayan C, Dikmen I. Development of a
conceptual life cycle performance measurement sys-
tem for build-operate-transfer (BOT) projects. Eng
Constr Archit Manag 2021;28:1635—-1656. [CrossRef]
Yi W, Chan APC. Critical review of labor productiv-
ity research in construction journals. ] Manag Eng
2014;30:214—-225. [CrossRef]

Cevikbas M, Isik Z. An overarching review on
delay analyses in construction projects. Buildings
2021;11:109. [CrossRef]

Wohlin C. Guidelines for snowballing in systematic
literature studies and a replication in software engi-
neering. in Proceedings of the 18th International
Conference on Evaluation and Assessment in
Software Engineering., 2014, pp. 1-10. [CrossRef]
Olanrewaju A, Bong MZX, Preece C. Establishment
of pre-qualification criteria for the selection of sub-
contractors by the prime constructors for building
projects. ] Build Eng 2022;45:103644. [CrossRef]

Chan IYS, Leung M, Yu SSW. Managing the stress of
Hong Kong expatriate construction professionals in
Mainland China: Focus group study exploring indi-
vidual coping strategies and organizational support.
J Constr Eng Manag 2012;138:1150—1160. [CrossRef]
Nyumba TO, Wilson K, Derrick CJ, Mukherjee N.
The use of focus group discussion methodology:
Insights from two decades of application in conser-
vation. Methods Ecol Evol 2018;9:20—32. [CrossRef]
Budayan C, Okudan O, Dikmen I. Identification
and prioritization of stage-level KPIs for BOT proj-
ects - evidence from Turkey. Int ] Manag Proj Bus
2020;13:1311-1337. [CrossRef]

Bhosekar SK, Vyas G. Cost controlling using earned
value analysis in construction industries. Int ] Eng
Innov Technol 2012;1:324-332.

Ertas E. Bilgi teknolojileri tabanli proje yonetim
sistemi ve uygulamasi (yiiksek lisans tezi). [zmir:
Dokuz Eyliil Universitesi Sosyal Bilimler Enstitiisii
Isletme Anabilim Dali Uretim Yénetimi ve Endiistri
Isletmeciligi Programi; 2011.


https://doi.org/10.1108/ECAM-09-2018-0379
https://doi.org/10.1108/ECAM-03-2016-0066
https://doi.org/10.1088/1757-899X/245/6/062048
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000323
https://doi.org/10.3390/app11125531
https://doi.org/10.1061/(ASCE)0733-9364(1998)124:3(232)
https://doi.org/10.1016/j.autcon.2007.10.005
https://doi.org/10.1016/j.ijproman.2010.01.007
https://doi.org/10.1016/j.autcon.2017.09.007
https://doi.org/10.3390/buildings12010073
https://doi.org/10.1061/(ASCE)0733-9364(1990)116:1(135)
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000722
https://doi.org/10.1108/ECAM-01-2020-0071
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000194
https://doi.org/10.3390/buildings11030109
https://doi.org/10.1145/2601248.2601268
https://doi.org/10.1016/j.jobe.2021.103644
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000533
https://doi.org/10.1111/2041-210X.12860
https://doi.org/10.1108/IJMPB-11-2019-0286

792

Sigma J Eng Nat Sci, Vol. 41, No. 4, pp. 781-792, August, 2023

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

Bickes B, Giircanli E. A method for the use of
health and safety management systems in construc-
tion project management. Int ] Adv Eng Pure Sci
2020;32:351—364. [CrossRef]

Meshram SG, Alvandi E, Singh VP, Meshram
C. Comparison of AHP and fuzzy AHP mod-
els for prioritization of watersheds. Soft Comput
2019;23:13615-13625. [CrossRef]

Liang C, Zhang X, Xu J, Pan G, Wang Y. An inte-
grated framework to select resilient and sustainable
sponge city design schemes for robust decision mak-
ing. Ecol Indic 2020;119:106810. [CrossRef]

Li Q Wang F Yu Y, Huang Z, Li M, Guan Y.
Comprehensive performance evaluation of LID
practices for the sponge city construction: A
case study in Guangxi, China. J Environ Manag
2019;231:10—20. [CrossRef]

Koc K, Okudan O. Assessment of life cycle risks of
deconstruction in urban regeneration projects. |
Constr Eng Manag 2021;147:04021137. [CrossRef]
Darko A, Chan APC, Ameyaw EE, Owusu EK,
Pirn E, Edwards DJ. Review of application of ana-
lytic hierarchy process (AHP) in construction. Int J
Constr Manag 2019;19:436—452. [CrossRef]

Chang, D-Y. Applications of the extent anal-
ysis method on fuzzy AHP. Eur ] Oper Res
1996;95:649—-655. [CrossRef]

Beltrdao LMP, Carvalho MTM. Prioritizing construc-
tion risks using fuzzy AHP in Brazilian public enter-
prises. ] Constr Eng Manag 2019;145:05018018.
[CrossRef]

Gigovi¢ L, Pamucar D, Baji¢ Z, Drobnjak S.
Application of GIS-interval rough AHP methodol-
ogy for flood hazard mapping in Urban areas. Water
(Switzerland) 2017;9:1-26. [CrossRef]

Dahri N, Abida H. Monte Carlo simulation-aided
analytical hierarchy process (AHP) for flood sus-
ceptibility mapping in Gabes Basin (southeastern
Tunisia). Environ Earth Sci 2017;76:1—14. [CrossRef]
Papaioannou G, Vasiliades L, Loukas A. Multi-
criteria analysis framework for potential flood

(56]

(571

(58]

(59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

prone areas mapping. Water Resour
2015;29:399—-418. [CrossRef]

Saaty TL. Decision making - the analytic hierarchy
and network processes (AHP/ANP). J Syst Sci Syst
Eng 2004;13:1—-35. [CrossRef]

Zyoud SH, Kaufmann LG, Shaheen H, Samhan
S, Fuchs-Hanusch D. A framework for water loss
management in developing countries under fuzzy
environment: Integration of Fuzzy AHP with Fuzzy
TOPSIS. Expert Syst Appl 2016;61:86—105. [CrossRef]
Kamvysi K, Gotzamani K, Andronikidis A, Georgiou
AC. Capturing and prioritizing students' require-
ments for course design by embedding Fuzzy-AHP
and linear programming in QFD. Eur J Oper Res
2014;237:1083—-1094. [CrossRef]

Seo W, Kang Y. Performance indicators for the claim
management of general contractors. ] Manag Eng
2020;36:04020070. [CrossRef]

Larsen JK, Shen GQ, Lindhard SM, Brunoe TD.
Factors affecting schedule delay, cost overrun, and
quality level in public construction projects. ] Manag
Ellg 2016;32:04015032. [CrossRef]

Viles E, Rudeli NC, Santilli A. Causes of delay in
construction projects: a quantitative analysis. Eng
Constr Archit Manag 2019;27:917-935. [CrossRef]
Huynh HT, Lucko G. Game theory applications in
construction project management. The Catholic
University of America, 2021.

Vacanas Y, Danezis C. An overview of the risk of
delay in Cyprus construction industry. Int ] Constr
Manag 2021;21:369—381. [CrossRef]

Ghosh S, Hamad M. A model for measuring dis-
ruption risks in the prefabrication supply chain.
Int J Constr Supply Chain Manag 2021;11:69-89.
[CrossRef]

Arditi D, Pattanakitchamroon T. Selecting a delay
analysis method in resolving construction claims.
Int ] Proj Manag 2006;24:145—155. [CrossRef]

PMI. A guide to the Project Management Body of
Knowledge (PMBOK guide). Project Management
Institute, 2018.

Manag


https://doi.org/10.7240/jeps.599278
https://doi.org/10.1007/s00500-019-03900-z
https://doi.org/10.1016/j.ecolind.2020.106810
https://doi.org/10.1016/j.jenvman.2018.10.024
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002161
https://doi.org/10.1080/15623599.2018.1452098
https://doi.org/10.1016/0377-2217(95)00300-2
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001606
https://doi.org/10.3390/w9060360
https://doi.org/10.1007/s12665-017-6619-4
https://doi.org/10.1007/s11269-014-0817-6
https://doi.org/10.1007/s11518-006-0151-5
https://doi.org/10.1016/j.eswa.2016.05.016
https://doi.org/10.1016/j.ejor.2014.02.042
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000835
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000391
https://doi.org/10.1108/ECAM-01-2019-0024
https://doi.org/10.1080/15623599.2018.1541703
https://doi.org/10.14424/ijcscm110221-69-88
https://doi.org/10.1016/j.ijproman.2005.08.005

