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The construction industry has made significant efforts to address the issues of low productivity caused by inefficient construction planning and scheduling. This issue led to more focus on integrating scheduling methods in the existing studies without comprehensively analyzing the integration's goals and objectives. In this regard, this study aims to present and analyze a holistic list of integrated scheduling methods' functionalities in the construction sector. In this paper, the underlying concept and main objective of scheduling methods are considered as their functionality. A multi-step methodology is adopted for this research. First, the authors identified integrated scheduling methods and their functionalities. Second, social network analysis (SNA) and Pareto analysis are used to assess and analyze the significance of the identified functionalities. The findings indicated that improving planning reliability, increasing transparency, identifying and eliminating wastes, and considering the continuous flow of work that follows the lean principles are the most important employed functionalities in the integrated scheduling methods. Also, the last planner system, building information modeling, simulation methods and location-based management system are mainly used common scheduling methods in the integrated scheduling methods. Eventually, this study will aid project stakeholders in better understanding of integrated scheduling methods by defining the functionality concept of scheduling methods.

Introduction

McKinsey group estimated that 98% of construction projects experience more than 30% cost overruns, and 77% are at least 40% late [START_REF] Ashcraft | Transforming project delivery: integrated project delivery[END_REF]. Lack of effective planning and scheduling [START_REF] Salama | Integrating critical chain project management with last planner system for linear scheduling of modular construction[END_REF], inefficient constraint management [START_REF] Wu | Hybrid deep learning model for automating constraint modelling in advanced working packaging[END_REF], the multi-organizational structure of the construction sector (Mota et al. 2010), the shortage of collaboration between stakeholders (Mota et al. 2010;[START_REF] Viklund Tallgren | BIM-tool development enhancing collaborative scheduling for pre-construction[END_REF]) and the presence of many uncertainties in the projects [START_REF] Tokdemir | Delay risk assessment of repetitive construction projects using line-of-balance scheduling and Monte Carlo simulation[END_REF]) are some of the significant factors contributing to this rise in project cost and time. Over the previous decades, a vast range of planning and scheduling methodologies, methods, and tools have been developed and used to deal with these challenges [START_REF] Pellerin | A review of methods, techniques and tools for project planning and control[END_REF]. Examples of practical methods include the Critical Path Method (CPM) [START_REF] Antill | Critical path methods in construction practice[END_REF], Critical Chain Project Management (CCPM) [START_REF] Raz | A critical look at critical chain project management[END_REF], Line of Balance (LOB) [START_REF] Arditi | Line-of-balance scheduling in pavement construction[END_REF], Linear Scheduling Model (LSM) [START_REF] Yamın | Comparison of linear scheduling model (LSM) and critical path method (CPM)[END_REF], Location-based Management System (LBMS) [START_REF] Seppänen | Effects of the location-based management system on production rates and productivity[END_REF], Last Planner System (LPS) [START_REF] Ballard | Current process benchmark for the last planner system[END_REF], Takt Time Planning (TTP) (Frandson et al. 2013), 4DBIM [START_REF] Martins | Evaluation of 4D BIM tools applicability in construction planning efficiency[END_REF], Simulation-based Methods (SM) [START_REF] Zhang | Simulation-based methodology for project scheduling[END_REF], and Tri-Constraint Method (TCM) [START_REF] Morkos | Operational efficiency frontier: Visualizing, manipulating, and navigating the construction scheduling state space with precedence, discrete, and disjunctive constraints[END_REF]. In this paper, these methods are defined as common scheduling methods. Another approach is mathematical and algorithmic methods [START_REF] Ansari | A Multi-objective Dynamic Optimization Approach to Project Schedule Management: A Case Study of a Gas Field Construction[END_REF][START_REF] Milat | Resilient scheduling as a response to uncertainty in construction projects[END_REF] which were used to model the scheduling problems. In these methods, the defined scheduling problems were solved by one or more objective functions with several constraints. They also applied different meta-heuristic algorithms, including Genetic Algorithms (GA), Simulated Annealing (SA), Particle Swarm Optimization (PSO), and others, to optimize different types of project scheduling problems. This approach is more research-oriented, and their application in a complex construction environment is still challenging.

Although the mentioned methods separately have pros, their cons lead to ineffective planning and scheduling (Olivieri et al. 2016). To address this issue, some researchers have tried to combine classical planning and scheduling methods and lean tools and principles with a wide range of objectives to cover the disadvantages of the existing methods. In this line, several studies integrated the Last Planner System (LPS) with Building Information Modelling (BIM) to meet lean principles such as workflow stability, facilitating negotiation and team commitment, pull planning, flow visualization, addressing spatiotemporal conflicts, reducing the time waste of urban highway projects, enhancing process management and flow of work on the construction site, promoting continuous improvement, and enhancing project stakeholder understanding (Bhatla and Leite 2012;[START_REF] Igwe | USING LEAN CONSTRUCTION TOOLS AND 4D MODELLING FOR EQUIPMENT WORKSPACE PLANNING[END_REF][START_REF] Sacks | Requirements for building information modeling based lean production management systems for construction[END_REF]Schimanski et al. 2021). Moreover, some researchers focused on integrating LBMS, LPS, and CPM to address some gaps in conventional scheduling methods, improve planning and control processes, and fulfil lean objectives of reducing waste, increasing productivity, minimizing variability, supporting managers in analyzing delays, and determining the most influential critical path strategy (Olivieri et al. 2016;[START_REF] Seppänen | The combination of last planner system and locationbased management system[END_REF]. In modular construction, [START_REF] Salama | Integrating critical chain project management with last planner system for linear scheduling of modular construction[END_REF] developed a new approach for monitoring and controlling of integrated offsite and on-site activities. The proposed technique combines the last planner system (LPS), critical chain project management (CCPM), and linear scheduling method (LSM )in a structured manner that addresses student syndrome in CCPM, public commitments, non-completion reasons, and monitoring of task completion.

Furthermore, to increase productivity, the suggested integrated scheduling method followed the principle of takt time (TT) and Just in Time (JIT). Integration of Building Information Modeling (BIM) and LPS have received the most attention in the literature (AI Hussein 2016; [START_REF] Barkokebas | A BIM-lean framework for digitalisation of premanufacturing phases in offsite construction[END_REF][START_REF] Burguete | Project optimization through the combination of BIM and last planner system[END_REF][START_REF] Heigermoser | BIM-based Last Planner System tool for improving construction project management[END_REF]McHugh et al. 2019;[START_REF] Sacks | Requirements for building information modeling based lean production management systems for construction[END_REF][START_REF] Toledo | Exploration of a Lean-BIM planning framework: A Last Planner System and BIM-based case study[END_REF]. Moreover, BIM-LPS-Kanban [START_REF] Sacks | Requirements for building information modeling based lean production management systems for construction[END_REF]Schimanski et al. 2021), 4D-LPS [START_REF] Igwe | A Process-Based Approach for Integrating the Last Planner System In 4D Modeling for Equipment Workspace Planning in Elevated Urban Highway[END_REF][START_REF] Lin | Visual and virtual production management system for proactive project controls[END_REF], LPS-LBMS [START_REF] Seppänen | The combination of last planner system and locationbased management system[END_REF], LBMS-LPS-CPM (Olivieri et al. 2016;[START_REF] Poliani | Planning and control in construction: analysis and integrations of three methodological approaches. Location-based management system (LBMS), last planner system (LPS) and critical path method (CPM)[END_REF] and BIM-TTP-SM [START_REF] Abbasi | BIM-based combination of takt time and discrete event simulation for implementing just in time in construction scheduling under constraints[END_REF]) can be mentioned among the many combined scheduling methods that have been performed in previous studies. In this study, these mixed methods are considered as integrated scheduling methods. Over time, the number of integrated scheduling methods contributing to project performance and success has expanded.

Although several integrated scheduling methods have widened the window of opportunity, particularly for contractors, they have also caused confusion on which approach should be chosen and which is best suited for the project. [START_REF] Alnasseri | Assessing understanding of planning and scheduling theory and practice on construction projects[END_REF] highlighted that despite the availability of advanced planning and scheduling tools and methods, stakeholders prefer to choose traditional methods. Insufficient familiarity and information about the applicability and efficiency of planning and scheduling methods are mentioned as the primary cause of this issue. In order to minimize imbalances between stakeholder requirements and project plans, several studies have suggested that project participants should be aware of key characteristics and objectives of project scheduling methods [START_REF] Alnasseri | Assessing understanding of planning and scheduling theory and practice on construction projects[END_REF][START_REF] Alnasseri | Understanding applications of project planning and scheduling in construction projects[END_REF][START_REF] Walker | Project understanding, planning, flexibility of management action and construction time performance: two Australian case studies[END_REF]. In line with this, this study defines and addresses the concept of functionality to describe the goals and objectives of integrated scheduling methods. In the Longman dictionary, functionality refers to "one or all of the operations that a computer, software program or piece of equipment is able to perform" [START_REF] Richards | Longman dictionary of language teaching and applied linguistics[END_REF].

According to this concept, schedule plan functionality is regarded as the operations and the primary objective of each single or integrated scheduling methods. The functionality concept can ease sense-making and the situation awareness of project stakeholders regarding the planning and scheduling requirements. This research aims to develop a comprehensive list of the functionalities of integrated scheduling methods in the construction industry and guide future research efforts. Eventually, the findings of this paper aim to contribute to a better understanding of integrated scheduling methods' functionalities in the construction industry. Furthermore, they provide new insights for project managers and practitioners regarding the new management strategies, methods, and tools required to enhance the effective use of planning and scheduling concepts in current construction project practices. The following sections present the research methodology, analyses and results, validation, research discussion, and finally, conclusions, limitations and suggestions for future research and development in this domain.

Research Methodology

To achieve this study's objectives, the authors proceeded with a process composed of several interdependent steps, as shown in Fig. 1. The authors (1) performed a systematic review, and content analysis of the literature on integrated planning and scheduling methods in the construction industry, (2) identified the aims and objectives of integrating scheduling methods and defined them as integrated scheduling methods' functionalities, (3) used social network analysis (SNA) to quantify the importance of each of the identified functionalities and validated the results using a simple analytic technique, (4) implemented Pareto chart analysis to determine the main functions of the integrated scheduling methods, (5) identified the literature gaps and determined the future directions. In the following subsections, the components of the research methodology are described in depth.

Conducting a Systematic Literature Review

The authors conducted a systematic literature review and analysis addressing the integrated scheduling methods' functionalities in the construction industry. This study is systematic in the sense that it adheres to a rigorous protocol that permits replication of the selected approach in accordance with the guidelines for conducting systematic reviews [START_REF] Kitchenham | Procedures for performing systematic reviews[END_REF][START_REF] Thomé | Conducting systematic literature review in operations management[END_REF]). This review is composed of three parts: (1) data acquisition; (2) screening based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline [START_REF] Ullah | A beginner's guide to developing review-based conceptual frameworks in the built environment[END_REF]; and (3) content analysis which is mainly characterized by a quantitative literature analysis using SNA. The review procedure is illustrated in Fig. 2 and detailed in the following subsections. 

Data Acquisition

For the review phase of this research, peer-reviewed and reputable scholarly construction and manufacturing journal papers as well as conference proceedings were considered reliable sources.

The list of journals and conferences taken into account for this paper is shown in Table 1. The Web of Science (WoS) database was selected as the search engine, and the search string was determined using the combination of scheduling methods with "AND" &"OR", as shown in Table 2. To ensure that the essential papers were covered, backward and forward citation searching were applied. Backward reference searching is finding and analyzing the sources or publications referenced in an article. In contrast, forward searching focuses on the articles published after the publication of an article [START_REF] Gusenbauer | Which academic search systems are suitable for systematic reviews or meta-analyses? Evaluating retrieval qualities of Google Scholar, PubMed, and 26 other resources[END_REF]. As a result of these citation searching, one paper matching the inclusion criteria was added to the list. The search was conducted within the title, abstract and keywords. In addition, no limitations were imposed while selecting the search's date range, and any entries accessible until November 2022 were reviewed.

The search was conducted by the first author of this research. The first data acquisition stage resulted in a total of 1499 publications. 

Screening based on PRISMA guideline

The PRISMA protocol was followed during the screening stage due to broader acceptance. The authors initially considered several inclusion and exclusion criteria to decrease the sample size and concentrate the review on the integrated scheduling methods. The criteria for this aim are provided in Table 3. Using these criteria, the sample size was decreased to 57 publications. 

Content Analysis

After the screening phase, 57 retrieved publications were subjected to content analysis to determine the goals, objectives, and outcomes of integrated scheduling methods. In this regard, First, 26 integrated scheduling methods were found relevant and valuable for this paper's purpose. Second, the retrieved articles based on 26 identified integrated scheduling methods were analyzed using Nvivo Qualitative Data Analysis software since this method of analysis is one of the most utilized methodologies in qualitative research [START_REF] Hajirasouli | The Unfolding Tragedy of Kandovan: The Loss of the last inhabited cone-shaped settlement in the world[END_REF]. In addition, this kind of data analysis enhances the accuracy and reliability of qualitative research by using both deductive and inductive strategies to find codes and themes within the data [START_REF] Hajirasouli | Augmented reality in design and construction: thematic analysis and conceptual frameworks[END_REF]. Three types of codes were established to extract the functionality of integrated scheduling methods: 1) aims and objectives, 2) research questions, and 3) the benefits of each integrated scheduling method. In the first step, 82 objectives for integrating common scheduling methods were found by analyzing and coding the content of 57 finalized papers. The authors of this paper reviewed identified objectives. Similar objectives were merged, such as eliminating non-value-added activities and identifying and eliminating waste. Consequently, 44 adjectives are collected and considered as integrated scheduling methods' functionalities for further analysis. The following subsections describe the procedure for analyzing the integrated scheduling methods and their functionalities in detail.

Literature Quantitative Analysis

After collecting the publications and conducting a content analysis, the authors identified the functionality of integrated scheduling methods in the construction industry. For the purpose of analyzing the highlighted functionalities, the authors created reference matrix M. In this matrix, the rows indicate the recognized functionalities, while the columns represent the integrated scheduling methods. If functionality is included in an integrated method, a value of 1 is entered into the corresponding cell; otherwise, a value of 0 is inserted. Fig. 3 is an example to illustrate the notion of a reference matrix. In this article, 𝐹 𝑖 is an identified functionality, and 𝑇 𝑗 is the integrated scheduling method. As seen in Fig. 3, functionality 𝐹 𝑘 is described in integrated scheduling methods 𝑇 𝑗 and 𝑇 𝐽 ; thus, a value of 1 is recorded in the relevant cells, but a value of 0 is recorded for cells below the other integrated scheduling methods. For the generated reference matrix M, the authors performed quantitative analysis using the SNA method and validated the findings with the simplified analysis technique. The following subsections give further information on these two methods for analysis. 

Social Network Analysis Application of SNA in Quantitative Literature Analysis in Construction Management

Recently, the network analysis method has obtained considerable interest and built outstanding expertise in the knowledge extraction of the construction management fields of study [START_REF] Assaad | Enhancing the knowledge of construction business failure: A social network analysis approach[END_REF]. SNA enables academics to undertake systematic literature-related findings by connecting ideas overlooked in manual review analyses [START_REF] Hosseini | Critical evaluation of off-site construction research: A Scientometric analysis[END_REF]. A current example of SNA applications in the quantitative literature analysis in the construction management field is the research of [START_REF] Elsayegh | Holistic study and analysis of factors affecting collaborative planning in construction[END_REF], who studied the factors affecting collaborative planning in the construction industry. Another example is the study of Abdul Nabi and El-adaway (2020), who analyzed a detailed set of decision-making factors and determined future research requirements for modular construction. In addition, Abdul Nabi and El-adaway (2022) utilized SNA for quantitative analysis of the most frequent sources of disputes and their interactions in modular construction projects (Abdul Nabi and El-adaway 2022). Other instances comprise research conducted on construction business failure factors [START_REF] Assaad | Enhancing the knowledge of construction business failure: A social network analysis approach[END_REF], critical review of off-site construction studies [START_REF] Hosseini | Critical evaluation of off-site construction research: A Scientometric analysis[END_REF], application of cognitive science focusing on electroencephalography in construction [START_REF] Saedi | Applications of electroencephalography in construction[END_REF], and a study of the literature on the use of dynamic modeling in construction management systems to achieve a holistic view of the direct and indirect effects of various project parameters [START_REF] Abotaleb | Managing construction projects through dynamic modeling: Reviewing the existing body of knowledge and deriving future research directions[END_REF].

Justifications for SNA Selection

Meanwhile, several methods have been suggested for extracting relevant characteristics, factors, features, attributes and functionalities from accessible previous research findings. Existing methods for identifying factors in the literature rely on qualitative assessments, while SNA emphasizes a quantitative approach. To do this, SNA was used because of its (1) quantitative strength, (2) capability to examine the interrelationships among the various factors (Elsayegh and El-adaway 2021), (3) value in comparing the relative importance of the factors, and (4) value in identifying understudied domains that could benefit from further research [START_REF] Assaad | Enhancing the knowledge of construction business failure: A social network analysis approach[END_REF]. The primary objective of this study is to determine the essential functionalities utilized in integrated scheduling methods by analyzing their interdependence. The authors ultimately selected SNA as the best approach to find the most prevalent functionalities leading to integrated scheduling methods in construction projects.

Developing the Social Network

SNA was utilized to discover knowledge gaps and determine factors' importance in many applications and domains (Abdul Nabi and El-adaway 2020). In this study, the same methodology is applied to understand the functionality of integrated scheduling methods. To do this, The authors sought a metric that can quantify the importance of integrated scheduling methods' functionalities based on their frequency of integration and co-occurrences with other functionalities. Consequently, the Degree Centrality (DC) was used since it reflects the number of instances in which it happened in combination with other functionality in the same integrated scheduling method [START_REF] Freeman | Centrality in Social Networks: Conceptual Clarification[END_REF]. Computing the DC of SNA nodes implies creating a weighted adjacency matrix (WAM) for the network under study.

Therefore, the authors developed a WAM for network M, constructed during the functionalities' analysis (M44×26). Multiplying the reference matrix M by its transpose and then eliminating and replacing the values in the diagonal cells of the resultant matrix with zeros generates a WAM.

The WAM is a matrix representation of a network in which (1) the matrix columns and rows represent n nodes representing the functionality of integrated scheduling methods and (2) the matrix records represent a set of edge weights which correspond to the strength of the connection between each pair of functionalities. This matrix is calculated using Equation (1).

𝑊𝐴𝑀 𝑓×𝑓 = { 𝑀 𝑓×𝑡 × 𝑀 𝑓×𝑡 𝑇 𝑓𝑜𝑟 𝑘 ≠ 𝑗 0 𝑓𝑜𝑟 𝑘 = 𝑗 (1)
where 𝑊𝐴𝑀 𝑓×𝑓 = weighted adjacency matrix; 𝑀 𝑓×𝑡 = reference matrix; 𝑀 𝑓×𝑡 𝑇 = transpose of the reference matrix; f = number of identified functionalities(i.e., 44); and t = number of integrated scheduling methods (i.e., 26). Fig. 4 and Fig. 5 show an example of creating and visualizing a WAM for a reference matrix with four integrated methods and four functionalities. Fig. 4 illustrates how the adjacency matrix is developed, while Fig. 5 presents a visual representation of the references and adjacency matrix. As can be seen in the reference matrix, for instance, the functionality F1 and F4 are addressed in integrated method 1. Therefore, these functionalities are linked by an edge when a diagram of this integrated method is created. An adjacency matrix is used to depict a single network for the reference matrix rather than a network for each functionality in the reference matrix. The adjacency matrix shows the interconnections between the functionalities. It demonstrates that F1 is referenced simultaneously with F4 twice and F2

simultaneously with F3 once. The adjacency matrix's calculated values, also referred to as the link strength, indicate how directly connected the functionalities are to one another. After developing the WAM, The DC for each functionality of integrated scheduling methods is calculated based on Equation 2.

𝐷𝐶 𝑘 = ∑ 𝑀 𝑘,𝑗 𝑗;𝑗≠𝑘 (2) 
Where 𝐷𝐶 𝑘 indicates the degree centrality for functionality k and 𝑀 𝑘,𝑗 is the cell's value in row k and column j of the investigated adjacency matrix. Moreover, as the calculated DC depends on the relevant network's size, the authors decided to normalize it. As shown in Equation3., the normalized DC of a functionality k in a network is simply the DC of the evaluated functionality divided by the highest DC in the studied network.

𝐷𝐶 𝑘 ̅̅̅̅̅ = 𝐷𝐶 𝐾 max {𝐷𝐶 𝑘 } (3)
Thus, the normalized 𝐷𝐶 𝑘 range from 0 to 1 for all functionalities.

Validation Method: Simplified Analysis

The simplified analysis was considered in the research of [START_REF] Elsayegh | Holistic study and analysis of factors affecting collaborative planning in construction[END_REF] for validation of SNA results. In this research, the same approach was carried out to verify the SNA and assess whether or not it is working as expected. In this method, a score for each identified functionality is calculated by summing up all the cells in the row that belong to that functionality using Equation 4. For instance, a score of 11 for a functionality F15 in matrix M indicates that this functionality is addressed in 15 integrated scheduling methods.

𝑆𝑐𝑜𝑟𝑒 𝑘 = ∑ 𝑀 𝑘,𝑧 26 𝑧=1 (4)
where 𝑆𝑐𝑜𝑟𝑒 𝑘 is the frequency of referencing functionality k, 𝑀 𝑘,𝑧 is the cell's value in the reference matrix (either 0 or 1) that corresponds to functionality k and the integrated scheduling method z. Similar to SNA normalization according to Equation 5, functionalities are assigned a normalized score in the simplified analysis method. Therefore, the normalized score varies from 0 to 1 for each functionality in the reference matrix.

𝑆𝑐𝑜𝑟𝑒 ̅̅̅̅̅̅̅̅ 𝑘 = 𝑆𝑐𝑜𝑟𝑒 𝑘 𝑚𝑎𝑥 {𝑆𝑐𝑜𝑟𝑒 𝑘 } (5)

Pareto Chart Analysis

After analyzing the functionality of integrated scheduling methods in the construction project using the SNA approach, a statistical analysis using Pareto diagrams was conducted to determine the most important functionalities of integrating scheduling methods. The Pareto chart is a commonly adopted approach primarily used to identify the most significant issues and assist management and decision-makers in decision-making [START_REF] Moktadir | Analysis of risk factors in sustainable supply chain management in an emerging economy of leather industry[END_REF]. A Pareto chart comprises both a bar graph and a line graph. The bar in this study displayed analyzed functionalities using SNA, and the line reflects the cumulative percentage of the occurrence of the functionalities. When there are a significant number of functions to be evaluated, such as in this research, the benefit of employing Pareto chart analysis is that it helps emphasize the most significant ones. Second, the diagrammatic depiction is straightforward to comprehend and allows researchers to concentrate on the few most critical functionalities by directly displaying their degree of influence [START_REF] Viles | Causes of delay in construction projects: a quantitative analysis[END_REF]). Thus, Pareto chart analysis was implemented to understand the essential functionalities of integrated scheduling methods.

Results and Analysis

Data Collection Efforts

As described in the methodology, the authors used a systematic approach based on search queries to extract journal and conference publications relating to integrated scheduling methods in the construction industry. This meta-analysis search and screening efforts retrieved 57 journal and conference articles are shown in Table 4 and were approved for further analysis. Table 4 reveals the published papers in three decades and shows that most publications were carried out after 2013. This highlights that current research efforts in this domain have focused on integrating scheduling methods. The shortcomings of scheduling methods, such as ignoring uncertainties in some methods [START_REF] Al Nasseri | A taxonomy of planning and scheduling methods to support their more efficient use in construction project management[END_REF], inadequate management of daily activities (Olivieri et al. 2016), lack of integration between different levels of the schedule plan (Dave et al. 2016), lack of supply chain integration [START_REF] Aslam | Development of innovative integrated last planner system (ILPS)[END_REF], lack of consideration to all flows [START_REF] Aslam | Development of innovative integrated last planner system (ILPS)[END_REF], high effort and investment requirements to produce a sufficiently detailed 4D model [START_REF] Ortenburger | Supporting the Last Planner System with 4D BIM[END_REF] and the popularity of off-site construction [START_REF] Salama | Integrating critical chain project management with last planner system for linear scheduling of modular construction[END_REF] have increased interests on integrated scheduling methods (POLIANI 2020). 

Integrated Scheduling Methods and their Functionalities in the Construction Industry

By analyzing the content of the publications in Table 4, the authors identified 26 integrated scheduling methods and 44 scheduling methods' functionalities listed in Table 5 andTable 6. The 26 identified integrated scheduling methods were developed by combining 14 common scheduling methods and lean principles illustrated in a Sankey diagram in Fig. 7. Also, Fig. 8 clearly indicates the distribution of utilized common scheduling methods in integrated scheduling methods. As it can be seen, the Last Planner System (LPS), Building Information Modeling (BIM), Simulation Modeling (SM) and Location-based Management System (LBMS) have been considered the most with 24%, 16%, 13% and 9%, respectively. Furthermore, BIM-LPS was the most used integrated scheduling method in the literature. Notably, although 4D is one of the BIM applications, some researchers have just utilized it as a visual representation tool. Thus, the authors distinguish between 4D, and BIM approaches in project scheduling.

Moreover, Fig. 9, matrix M, represents the mapping between the identified project scheduling methods' functionalities and the analyzed integrated scheduling methods based on the literature. A red-colored cell indicates that the respective integrated scheduling methods have addressed the functionalities. As can be seen, the integrated scheduling methods, including BIM-LPS, BIM-LPS-Kanban, LBMS-LPS-CPM and BIM-LPS-SM, have the most combination of functionalities in their structure. Furthermore, F1(improving the reliability of the planning), F39(increasing transparency), F15(improving managerial practices), and F19 (managing uncertainties) are the most utilized functionalities in the integrated scheduling methods. As mentioned earlier, several papers integrated common scheduling methods to address the challenges of low construction productivity resulting from inefficient planning and scheduling. Some investigations were conducted at the level of the conceptual framework, and implementing a case study for validation. In addition to the conceptual model and case study, some have developed tools, software, or decision support systems (DSS) for practical deployment in the construction industry. Analyzing the various abstraction levels of common scheduling methods utilized in integrated ones from a conceptual framework to implementation can be advantageous in two dimensions. On the one hand, having information about methods with conceptual models and promoting them into practical tools and software may substantially aid researchers in selecting future research directions. On the other hand, it can help the industry to adopt more practical methods for project scheduling and planning. To do this, the final articles considered for content analysis were classified as follows: After classifying the papers into two classes, 26 integrated scheduling methods were studied within each class, and the number of papers associated with each integrated method was determined. The number of articles that addressed each common scheduling method in integrated methods was used to calculate the normalized score for each common scheduling method within each class. Fig. 10 displays the findings of the analysis's common scheduling methods used in each class based on differences between class 2 and class 1 (C2-C1). For each method, a positive value in Fig. 10 shows that it is used more often in class 2 research, which is primarily concerned with creating a model, tool, or decision-support tool for integrating the common scheduling methods.

In contrast, a negative score indicates that the scheduling method is used more in class 1 with an emphasis on conceptual model development. As can be seen, BIM and Simulation Methods (SM) are considered more in conceptual framework-based studies. The applications of Takt time planning (TTP), Last Planner System (LPS), and Location-based Management System (LBMS) in integrated scheduling methods are almost identical for both classes. Moreover, Critical Chain Project Management (CCPM) and Linear Scheduling Methods (LSM) are used more in studies focusing on developing tools/models and decision-support systems or integrating existing tools and software solutions. This finding may be due to the fact that, even though BIM and SM have received a great deal of attention in recent years in scientific studies, the maturity and readiness of construction companies to use these technologies, particularly during the construction phase, is still low. Therefore, researchers who have concentrated more on the practical aspects of scheduling methods have paid less attention to BIM and SM and given more emphasis to conventional methods such as CCPM, LSM, and CPM. 

Quantitative Analysis of the Integrated Scheduling Methods' Functionalities

After reviewing the publications listed in Table 3 and finding the integrated scheduling methods' functionalities, the authors developed a reference matrix M based on the identified functionalities and integrated scheduling methods based on the described detail in the methodology. The reference matrix M has a dimension of 44 by 26 and comprises 26 integrated scheduling methods and 44 functionalities. The following subsections provide a detailed explanation of the findings.

Social Network Analysis

After evaluating the acquired data and developing the reference matrix M44×26, the authors produced the weighted adjacency matrix WAM44×44 to calculate the DCs of the indicated functionalities. The DCs measure, as was previously mentioned, highlights the value of a given functionality by emphasizing its frequency and mention alongside other functionality in integrated scheduling methods. The functionalities network shown in Fig. 11 Clearly, the network has a significant number of nodes and connections. As a result, a color-coded matrix was provided in Fig. 12 to illustrate the degree of connectivity between nodes. Both rows and columns of the matrix represent the functionality of integrated planning methods.

The matrix is color-coded according to the intensity of the link between any two functionalities.

As shown in Fig. 12, the white-colored cells for a pair of functionalities imply that they have never co-occurred in any of the studied integrated scheduling methods. On the other hand, some pairs of functionalities contain dark purple cells, suggesting high weights and, thereby, a high frequency of co-occurrence in the integrated scheduling methods. An example of the former would be F3 (considering the continuous flow of work) and F44 (applying creativity techniques to planning and scheduling). The latter is represented in the weights of edges between F1 (improving the reliability of the planning) and F39 (increasing transparency).

The functionalities can be discussed from two points of view: (1) the functionalities that have been applied the most in the integrated scheduling methods and (2) the functionalities that have received the least attention in the integrated scheduling methods.

Concerning the first perspective, Fig. 11 shows that F1 (improving the reliability of the planning), F39 (increasing transparency), F11 (identifying and eliminating wastes), and F3 (considering the continuous flow of work) are the most often used functionalities of integrated scheduling methods in combination with other functionalities in construction projects. As also seen in Fig. 9, F15 (improving managerial practices) and F19 (managing uncertainties) have been among the top four used functionalities in integrated scheduling methods. Nevertheless, according to SNA analysis, F11 (identifying and eliminating wastes) and F3 (considering the continuous flow of work) have gotten the most DC, showing greater interconnectivity with other functionalities.

Here, the significance of SNA analysis in this study is fully acknowledged. Considering the multifunctional nature of integrated scheduling methods, it can be claimed that functionalities that interact more with other functionalities are more valuable in these methods. Since, as previously indicated, the primary objective of integrated scheduling methods is to combine the functionalities of conventional scheduling methods to compensate for their deficiencies, assessing the combination of functionalities employed in integrated scheduling methods conducted in this research is necessary. Regarding the combination analysis of functionalities, according to Fig. 12, the combination of F1 (improving the reliability of the planning) and F39 (increasing transparency), F3 (considering the continuous flow of work) and F4 (decreasing workflow variability), F15 (improving managerial practices) and F4 (decreasing workflow variability), F14 (detecting and solving spatiotemporal conflicts) and F40 (enabling the coordination of the look-ahead plans), and F27 (applying analytical method) and F15 (improving managerial practices) have been utilized the most in integrated scheduling methods.

Following the second perspective, Fig. 11 illustrates that F30 (eliminating the root causes of variability), F38 (increasing safety on construction sites), F24 (scheduling of modular and offsite construction), and F31 (integrating offsite and onsite planning for modular and offsite construction) have earned the least consideration in the integrated scheduling methods. 

Pareto Analysis of Main Functionalities

For the Pareto analysis, the score for each functionality was calculated using SNA, and after that, the cumulative percentage was derived. 43% of the forty-four functionalities are employed in 80% of integrated scheduling methods, as illustrated by the Pareto chart in Fig. 13. As shown in Figure 9, integrated scheduling methods and even conventional scheduling methods (CPM, LPS, LBMS, and so on) are multi-functional. In addition, the construction industry's multiorganizational nature and its complexities and uncertainties have led to using a combination of functionalities in project scheduling. This argument may explain why the proportion of crucial functionalities exceeds the Pareto principle (80/20). F1(improving the reliability of the planning), F39 (increasing transparency), F11 (identifying and eliminating wastes), F3 (considering the continuous flow of work), F14 (detecting and solving spatiotemporal conflicts), F15 (improving managerial practices), F4 (decreasing workflow variability), F40 (enabling the coordination of the look-ahead plans), F28 (supporting human decision making), F10 (increasing teamwork, and communication between all stakeholders), F5 (Analyzing constraints more effectively), F7(visualizing of the schedules to understand and communicate content to a variety of stakeholders), F16(considering the supply chain instability), F18(understanding of the subprocesses more accurately), and F33 (linking the supply chain and construction process) are considered in 60% of integrated scheduling methods. 

Validation

This study used a simplified analysis to verify the SNA values. After analyzing the normalized DC values for the functionalities outlined in the methodology, the authors calculated the normalized scores using simplified analysis to compare the findings of these two approaches. The differences in normalized scores between the SNA and the simplified analysis are shown in Fig. 14. The results indicate that the simplified analysis outputs are comparable to those of the SNA. The slight deviations between the outcomes of the two kinds of analysis may be explained by the fact that the SNA employs more sophisticated criteria to examine the interrelationships and interdependencies between the various functionalities [START_REF] Elsayegh | Holistic study and analysis of factors affecting collaborative planning in construction[END_REF]. On the contrary, the simplified analysis is calculated mainly on the simple frequency of the cooccurrence of functionalities in the analyzed integrated scheduling methods. In Table 7, Spearman correlation, variance, and standard deviation have been applied to examine the relationship between these two approaches' outcomes and validate the SNA values. Given the fundamental features of the two investigations and the statistical test results, the differences are thus deemed acceptable. Accordingly, the findings shown in Table 7 demonstrate that the SNA is acting as anticipated. For a thorough validation of the results, however, the authors suggest that future research investigates the interactions between the 44 functionalities using real case studies or experts' points of view. 

Discussions of the Research Findings

Using the insights from the literature analysis of this study, this section describes in-depth discussions of the main findings of this article in light of the recognized integrated scheduling methods' functionalities. This is conducted by highlighting areas where the extensive focus has previously been received, as well as those that have paid the least attention to lead the future directions.

This study identified and analyzed the integrated scheduling methods' functionalities to the project team can choose the project scheduling method according to the needs and characteristics of the project with a better understanding. Functionalities were considered due to the insufficient understanding and awareness of project scheduling theories and methods on behalf of project stakeholders and participants [START_REF] Alnasseri | Assessing understanding of planning and scheduling theory and practice on construction projects[END_REF]. This implies that these methods address a broader range of project planning, scheduling, and control issues. Between identified integrated scheduling methods, BIM-LPS, BIM-LPS-Kanban, LBMS-LPS-CPM and BIM-LPS-SM have utilized the most combination of functionalities. The combination of common scheduling methods with BIM demonstrates the attention of researchers and the industry to the use of semantic information of BIM models as well as its visualization capability in the form of 4D modeling to improve communication between stakeholders in the project. Furthermore, the last planner system is employed more often, according to the distribution of common scheduling methods in integrated scheduling methods.

Although simulation methods are not practical project scheduling methods, different types of it (such as System Dynamic (SD), Discrete Event Simulation (DES), Agent-based Modeling (ABM) and Monte Carlo) have contributed several functions to common scheduling methods, including uncertainty modeling [START_REF] Alhussein | Improvisation in Construction Planning: An Agent-Based Simulation Approach[END_REF][START_REF] Himmiche | Using statistical-modelchecking-based simulation for evaluating the robustness of a production schedule[END_REF][START_REF] Tokdemir | Delay risk assessment of repetitive construction projects using line-of-balance scheduling and Monte Carlo simulation[END_REF], applying creativity techniques to planning and scheduling (Abdelmegid et al. 2019;[START_REF] Abdelmegid | Exploring the links between simulation modelling and construction production planning and control: a case study on the last planner system[END_REF], understanding the behaviour of the performance indicators (Shehab et al. 2020) and scenario analysis [START_REF] König | Robust construction scheduling using discrete-event simulation[END_REF].

The results of the network analysis indicated that F1 (improving the reliability of the planning), F39 (increasing transparency), F11 (identifying and eliminating wastes), and F3 (considering the continuous flow of work) are the most often used functionalities of integrated scheduling methods in combination with other functionalities in construction projects. These findings significantly emphasize lean construction principles, such as planning reliability, transparency, waste elimination, and continuous workflow in integrated scheduling methods. In other words, these methods have integrated lean thinking into the planning and control process. Therefore, lean planners must address the planning and control process before the project execution process. In addition, these functionalities are remarkable for enhancing medium-term and shortterm planning [START_REF] Emdanat | Aligning near and Long Term Planning for LPS implementations: a review of existing and new metrics[END_REF][START_REF] Soman | Automating look-ahead schedule generation for construction using linked-data based constraint checking and reinforcement learning[END_REF][START_REF] Tezel | Lean construction and BIM in small and medium-sized enterprises (SMEs) in construction: a systematic literature review[END_REF], indicating that integrated scheduling methods pay greater attention to these two planning levels.

Integrated methods that have included CPM in their structure have emphasized long-term planning and management. Hence, despite the efforts of academics to compensate for the shortcomings of common scheduling methods by using integrated scheduling methods, there is still a research gap between the alignment of short-term and long-term planning [START_REF] Amer | Transformer machine learning language model for auto-alignment of long-term and short-term plans in construction[END_REF][START_REF] Emdanat | Aligning near and Long Term Planning for LPS implementations: a review of existing and new metrics[END_REF][START_REF] Tezel | Lean construction and BIM in small and medium-sized enterprises (SMEs) in construction: a systematic literature review[END_REF].

Regarding the combination analysis of integrated scheduling methods' functionalities, the combination of F1 (improving the reliability of the planning) and F39 (increasing transparency), F3 (considering the continuous flow of work) and F4 (decreasing workflow variability), F15 (improving managerial practices) and F4 (decreasing workflow variability), F14 (detecting and solving spatiotemporal conflicts) and F40 (enabling the coordination of the look-ahead plans), and F27 (applying analytical method) and F15 (improving managerial practices) have been considered the most in integrated scheduling methods. These analyses demonstrate that integrated scheduling methods are developed to address the aforementioned concerns regarding low productivity caused by inefficient construction planning and scheduling. In addition, they will be able to manage the whole scheduling process, including long-term, medium-term, and short-term planning.

The SNA analysis shows that little attention had been paid to the required functionalities in the scheduling methods for offsite construction. This issue can be concluded from the lack of consideration given to F24 (scheduling of modular and offsite construction) and F31 (integrating offsite and onsite planning for modular and offsite construction). Although there have been advances in industrialization and offsite construction in the industry and academic studies, more attention should be paid to scheduling methods and the associated functionalities of integrated scheduling methods.

Following the results in Figures 7 and8, the last planner system has gained the most attention among integrated scheduling methods. Several integrated scheduling technologies, such as LPS-BIM and LPS-CPM-LBMS, have attempted to account for the shortcomings of the last planner system, which included inadequate visualization capabilities [START_REF] Aslam | Development of innovative integrated last planner system (ILPS)[END_REF]) and a lack of involvement in the management of construction delays, changes, and contracts [START_REF] Olivieri | Survey comparing critical path method, last planner system, and location-based techniques[END_REF]). However, Integrated scheduling methods have paid little attention to one of the LPS' key drawbacks, namely the nonperformance of root cause analysis and corrective actions [START_REF] Aslam | Development of innovative integrated last planner system (ILPS)[END_REF]). This finding is evident from the network in Fig. 11, which demonstrates that F30 (eliminating the root causes of variability) had the lowest DC between integrated scheduling methods' functionalities. This functionality is only considered in LPS-SS integrated methods.

Consequently, there is a need for further study in this area.

Conclusion, Limitations, and Future Directions

Understanding the functionality of integrated scheduling methods in the construction industry is necessary for selecting the most appropriate planning and scheduling approach based on the required project's goals and objectives. As such, this research conducted a multi-step methodology to collect and analyze 26 integrated scheduling methods and 44 associated functionalities using SNA. Accordingly, 14 common scheduling methods and lean principles were included to create 26 identified integrated scheduling methods. The Last Planner System (LPS), Building Information Modeling (BIM), Simulation Modeling (SM) and Location-based Management System (LBMS) are utilized , as common scheduling methods, more often in integrated scheduling methods. Moreover, It has been demonstrated, as well, that studies focusing on the practical application of scheduling methods have tended to emphasize traditional methods such as CCPM, LSM, and CPM while focusing less on BIM and SM. Regarding the integrated scheduling methods, BIM-LPS, BIM-LPS-Kanban, LBMS-LPS-CPM, and BIM-LPS-SM have used the highest combination of functionalities. Also, the findings revealed that F1 (improving planning reliability), F39 (increasing transparency), F11 (identifying and eliminating wastes), and F3 (considering the continuous flow of work) are the main functionalities employed in integrated scheduling methods. These results also underline the importance of lean construction principles, such as planning reliability, transparency, waste elimination, and continuous workflow in integrated scheduling techniques. In contrast, the findings indicate that integrated scheduling methods need to pay more attention to one of the LPS's significant flaws, non-performance of root cause analysis and corrective actions. Furthermore, although offsite and modular construction is receiving a great deal of attention in practice and academia, more focus should be given to the required functionalities of the scheduling methods for offsite construction.

Another finding illustrates several combinations of functionalities have been considered most often. These include F1 (improving the reliability of the planning) and F39 (increasing transparency), F3 (considering the continuous flow of work) and F4 (decreasing workflow variability), F15 (improving managerial practices) and F4 (decreasing workflow variability), F14 (detecting and solving spatiotemporal conflicts) and F40 (enabling the coordination of the lookahead plans), and F27 (applying analytical method) and F15 (improving managerial practices).

These results indicate that integrated scheduling methods can handle the requirement of multilevels of schedule plan, including long-term, medium-term, and short-term planning. Moreover, the pareto chart analysis applied to determine the most important functionalities in integrated scheduling methods. 80% of integrated scheduling methods utilize 43% of the forty-four functionalities. To validate the SNA method's findings, a simplified analysis approach is used. The spearman correlation, variance, and standard deviation results reveal that minor differences between the two approaches are acceptable.

Ultimately, this research contributes to the body of knowledge by providing a better understanding the integrated scheduling methods' functionalities in the construction sector.

One of the limitations of this article is that the analyses were conducted solely based on the literature review; however, given the practical aspect of project planning and scheduling, it is crucial to consider experts' opinions for a more effective and comprehensive analysis. In this regard, Future research should focus on studying the understanding of scheduling methods in light of the perspectives of experts. In addition, Due to a large number of identified functionalities and some conceptual overlap between them, their clustering and sorting out according to underlying concepts and taking expert opinion into account could be another future direction. 
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ID Functionalities

F1

Improving the reliability of the planning

F2

Increasing productivity

F3

Considering the continuous flow of work

F4

Decreasing workflow variability

F5

Analyzing constraints more effectively

F6

Visualizing the status of work-in-progress

F7

Visualizing the schedules to understand and communicate content to a variety of stakeholders

F8

Avoiding omissions and sequencing mistakes

F9

Analyzing schedule constructability

F10

Increasing teamwork, and communication between all stakeholders

F11

Identifying and elimination wastes

F12

Decreasing meeting durations

F13

Enhancing the performance of construction project management

F14

Detecting and solving spatiotemporal conflicts

F15

Improving managerial practices

F16

Considering Supply chain instability

F17

Improving predictability

F18

understanding of the subprocesses more accurately Providing more valuable handouts to the planning meetings' participants

F43

Implementing of pull flow control

F44

Applying creativity techniques to planning and scheduling