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Abstract

This research introduces a novel model for continuous improvement in construction companies through systematic assessment and content analysis. The primary aim is to create a tool that enables leaders to leverage data for informed decision-making. To ensure the reliability of the data, content analysis has been employed in previous studies to rank the effectiveness of various evaluation methods. This paper develops a matrix comparing the effectiveness of each performance evaluation method against the characteristics of construction companies. Using this matrix, content analysis identifies the optimal combination of methods, leading to the presentation of a new evaluation approach. Following an introduction to construction companies, the paper outlines steps to establish integrated evaluation systems for achieving effective results. The outcome of this research is a validated model that enhances control and management across different sectors and divisions of large construction companies.
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Introduction
Management and planning challenges are significant weaknesses in construction companies, especially when divided into different sectors, which exacerbates these issues (Jahanbin et al., 2013). One critical aspect of these challenges is inter-organizational synergy and its potential benefits. However, studies have shown that the outcomes of such synergy are often lower than anticipated. According to KPMG, only one out of six companies integrating for synergy performs well, highlighting the need for new tools and methods in organizational management. This paper explores strategic, operational, and technical methods for leaders to address these challenges effectively. Guiding companies with accurate information remains a challenging goal (Chitgera, 2010). This underscores the importance of the subject, which we will examine further, followed by practical solutions to improve management quality in construction companies.

In this research, performance evaluation methods are reviewed and presented. By identifying research gaps, the scope of the study becomes more defined and transparent. An algorithm integrating various existing assessment models will be developed to address these gaps. The focus will then shift to designing a management model tailored for the construction companies under study. Finally, the research and its achievements will be validated and discussed.

Literature reviews are foundational to all research, regardless of discipline or subject. They form the basis for all types of scholarly work, yet are often overlooked as a form of qualitative analysis. The processes involved in constructing an argument from literature are similar to those used in analyzing quantitative data. These processes include reading, reflecting, interacting with the literature/data, identifying key themes, coding them, extracting significant quotes, linking similar ideas, identifying contradictions, comparing dissimilarities, and building one's own argument with supporting evidence from the literature/data.

Researchers have developed various strategies to manage the substantial amount of data generated by literature reviews. Traditionally, card index systems were used, but recent years have seen the emergence of software as the preferred tool for organizing literature. Software packages such as EndNote and Reference Manager offer excellent tools for managing bibliographic data. These tools allow for downloading abstracts and entire articles, flexible searching and sorting of references, direct integration with word processors for easy citation insertion, and bibliography generation in various journal styles. While these tools facilitate some aspects of qualitative data analysis, they are limited in this regard. Dedicated software packages like Atlas.ti, N4 Classic, N5, NVIVO, and WinMax support the analytical processes involved in literature reviews. These packages complement bibliographic software by offering robust analytical tools, with NVIVO standing out for its flexibility in analyzing literature reviews. Although other packages can also analyze literature, NVIVO's tools are currently the most suitable for this purpose. However, these software packages are evolving rapidly, so this may change in the future (Naderi et al., 2021; Bowen et al., 2009).
Research method

This research aims to provide a new model for continuous improvement in construction holdings through systematic assessment and performance evaluation. The primary goal is to create a tool for construction leaders to utilize extensive data for informed decision-making.

Scientific research is a systematic effort to answer specific questions, driven by the motivation to explore these questions. Selecting appropriate research methods and employing statistical techniques to assess the validity of hypotheses ensures the accuracy of scientific research. The literature review for this study includes examining construction companies, performance indexes, and evaluation methods. Relevant articles, printed books, related dissertations, and corporate websites have been utilized for data gathering with the new method presented. This section focuses on library resources. Indicators were extracted from content summaries, interviews with industry experts, field studies, case study data, and the author's commentary. Statistical methods were used to derive indexes and evaluation methods, draw algorithms from mathematical methods, present the compilation model through analytical methods, and validate it via case studies.

Content analysis, a computer-based method, aids in data gathering. This research employs this technique using suitable software in a novel way to conduct an accurate literature review and data preparation. The data will then be analyzed using matrix methods. Advances in computer technology have increased data volumes and created large databases, leading to the introduction of various methods for discovering knowledge from these data sets. One of these relatively new scientific branches, data mining, is of great interest. Data matrices in data mining applications are often non-negative, which restricts the use of classical matrix methods. Although these methods can reduce the dimension of large data sets, they do not provide correct interpretations of the unprotected data. Recently, a new method called Matrix Negative Distribution has been proposed for the linear representation of non-native data. This method decomposes a large matrix corresponding to the non-negative data into two non-negative matrices, reducing the data volume without the limitations of classical methods.

Literature review
In systems science, complex subjects refer to problems with numerous factors and often unknown interrelations (Maleki, 1994). Managing construction companies shares this complexity. Effective management and evaluation with accurate information is challenging. For instance, in stock management, decisions regarding which divisions to invest in, which to exclude from long-term vision, and which to merge are critical. Recent reports highlight the significant structural changes in the headquarters of large construction companies, including interactions with other units and common service units (Shahsvand, 2015). Useful and effective information allows the parent company’s management to gain a clear picture of the overall situation of units, processes, activities, issues, and problems.

Previous studies indicate that a comprehensive information management system, linking system components, creates internal knowledge-based control (McLeod, 1998). Developing and implementing such a system at the company headquarters is essential. The information provided should align with management decision-making models, offering the most relevant data. Initially equipping subsidiaries with information systems can extract useful information and should be part of a long-term plan with short-term improvements for sustainable data. Performance evaluation techniques lead to performance-based management, which focuses on achieving results rather than the number of activities (Naderi et al., 2015). In this framework, all actions, decisions, and results can be explained, justified, and reported.

Performance-based management is crucial in both public and non-government sectors, promoting resource management, stakeholder satisfaction, development assistance, creation of new capabilities, sustainability, and global competitiveness. Performance measurement is integral to business management, with control indicators and key success factors as its main pillars. Managers defending the company's and project's main goals are more likely to succeed. Identifying success indicators is the only way to ensure these goals are being met, keeping the organization aligned with its strategy (Center for Construction Innovation, 2016). Integrated Project Delivery (IPD), as a new method in implementation of civil project, seeks to improve project outcomes through a collaborative approach of aligning the incentives and goals of the project team. Collaboration and good relation among parties is an important requirement in implementation of this delivery system, which highly depends on using Technology as a communication tool (Hajarolasvadi, et al, 2013, Hajarolasvadi, et al, 2014)
Key Success Factors (KSFs) are standard methods for assessing organizational status. Key performance indicators (KPIs) measure organizational performance, summarizing the status of key factors (Naderi et al., 2019). KPIs evaluate projects and organizational performance, providing benchmarking information that helps steer the organization towards higher productivity.

Performance measurement and data analysis
Choosing evaluation methods is a critical task that requires a thorough approach. Various management methods each have their advantages and disadvantages, and selecting the most appropriate method to achieve desired goals is essential. Previous research has not extensively focused on the systematic management of large construction companies. However, various studies on organizational management, performance measurement, and performance enhancements have been conducted. By studying these and considering the characteristics of construction companies, a path can be developed for better management of these entities.

Traditional performance evaluation methods have predominantly focused on financial indicators and past events (Naderi et al., 2021). This traditional view targets judging and verifying control with a grammatical style, focusing solely on past performance based on old methods. In contrast, contemporary perspectives emphasize training, growth, development of evaluated capacities, improvement of individuals and organizations, providing consulting services, public participation of stakeholders, and motivating and being accountable for quality improvement and optimizing activities. This systemic performance evaluation approach is developed using modern techniques and methods.

The first step of our software-assisted analysis was selecting the software. With a growing list of options such as MaxQDA, NVivo, and Dedoose, this task can be daunting. Each option has specific advantages and limitations. It is important to note that software cannot provide a theoretical or analytical framework; it can only facilitate data management and analysis. Practical considerations, such as software programs taught at your institution and license fees, must also be taken into account. Specific functionality requirements are another consideration. For example, NVivo (Version 10) includes a web browser extension (NCapture) that can collect and analyze social media data such as Twitter tweets and public Facebook messages. Although not immediately relevant for the current research, this functionality may be valuable for a follow-up study (Lewins & Silver, 2007).

The second step is data import and preparation. After selecting and familiarizing ourselves with the software, we imported and prepared the data for analysis. For this study, the database was used to identify news articles containing specific search terms published in journals. Search results (articles) were saved as RTF files. These files were skimmed for content not relevant to the research question, and then split into individual files per article using a freely available file-splitting software, Editor's Toolkit. Alternatively, individual articles can be directly downloaded and saved, especially if the database search yields fewer articles.

The third step is multi-level coding. Inductive coding involves detailed analysis of sources, such as news articles, and generating concepts and themes as they emerge. This strategy is preferred by those following a grounded theory approach. Deductive coding, on the other hand, starts with a specific set of themes, keywords, or theoretical ideas in mind, exploring how these are mentioned in the sources. For the multi-level Qualitative Content Analysis (QCA) of news articles presented here, we used a combination of inductive and deductive coding approaches. Our research objective was to determine both the quantity (amount and frequency) and valence (tone and themes) of news coverage. This flexible approach to coding is common, as the use of software during the analysis process depends on the research questions and objectives (Bazeley, 2007). Dividing units of analysis (e.g., news articles) into units of coding (parts relevant to the research question) can be likened to cutting text into snippets with scissors.

The final step is visualizing data and presenting findings. Techniques such as mind maps and word hierarchies can be used for visualizing data (Kaefer et al., 2015). In this study, we used NVivo software to gather data on the effectiveness of each evaluation method from previous research and build a weighted matrix of the effectiveness of each method versus characteristics of construction companies. Using this information and matrix analyses, we can introduce a new evaluation method tailored to the characteristics of construction companies.

Figures accompanying this text illustrate the procedures for data input, comparison tools in software, electronic data gathering in different languages based on the area of study, and data capture from websites by NVivo.
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Figure 1, data input for comparison tools in software
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Figure 2, Electronic data gathering
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Figure3, Nvivo data capture from sites and journals

Study on Integrating Performance Evaluation Models
A critical question arises regarding whether the evaluation models are of similar or different utility. Identifying which model holds more importance and which holds less is essential. To determine coefficients and weights, various methods such as the Likert scale, Nominal Group Technique (NGT), Borda count method, hierarchical analysis, and expert opinion selection can be utilized.

In this regard, systems are introduced to cleverly combine tools considering the specific information and conditions of each context. The knowledge base of this system is structured to summarize the results of research and the operations of these methods across different organizations. The impact of each method for each organization is outlined through rules within the program.

By defining the characteristics of companies for the system, the model generates a number of performance evaluation methods and shows how they can be appropriately combined to achieve an ideal evaluation for the company under study. Subsequently, by obtaining organizational sub-groups, an evaluation matrix can be created. This matrix features organizational characteristics on one axis and subcategories of evaluation models on the other, providing a comprehensive model for future research steps (Table 1).
Table 1, subcategories of evaluation models
	No
	Evaluation Model
	Model subcategories
	General notes of each model

	1
	Balanced Score Card Assessment 
	Financial
	Sub-categories presented in the model
 

 

	
	
	Customers
	

	
	
	Internal processes
	

	
	
	Grow and learn
	

	2
	Standard Systematic Evaluation
	Strategic goals
	Standard evaluation step to step process, 6 steps are broken down in the model
 

	
	
	Communication goals
	

	
	
	Motivational goals
	

	3
	Results and Determination Model 
	Indicators of results
(Delay indicators indexes)
	General overview is seen in the model

	
	
	Determination Results
(Basic And leading indexes)
	

	4
	Pyramid Performance Model
	Vision
	4 levels seen in the model

	
	
	Objectives of the acquisition units and work (Financial and market)
	

	
	
	Operating Systems to earn and work (Productivity, Convergence of satisfaction customer)
	

	
	
	Department view (quality, delivery and work cycle)
	

	5
	Stakeholder Analysis Model
	Key stakeholders (Shareholders)
	Different categories found in the model

	
	
	Non-key stake holders 
	

	6
	Evaluation Model, Organizational Excellence 
	Mighty mechanism (Political and processes)
	Only a general concept developed in the model

	
	
	Results (resulting from performance and customer)
	

	7
	Quality Management System Model
	Effectiveness Process must be measured and analyzed
	

	8
	Model circular and spillage framework 
	6 steps outlined on the model.
	105 indicators available in model

	9
	Model of management system based on purpose
	Success analysis for evaluating goals rather than individuals.

	Illustrates short- term communication between levels without special mold

	10
	Evaluation Model Fisher
	Qualitative (reasoning and mentally)
	 

	
	
	Half Little (worth a little Judgments)
	

	
	
	A little (figures organizations)
	

	11
	Management Valuation Model Based on Values
	 Focuses on companies Value
	 


When analyzing the weights of each evaluation model, a tool is required to combine the gathered weights effectively. In this study, the evaluation weights are collected through both expert choices and content analysis. Since the expert data is organized in a matrix format, a matrix analysis technique is necessary to process this information (see Figure 3).
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Figure3, matrix way we look at model characteristics versus holding features
Matrix Analysis on the Integration of Performance Evaluation Models
A matrix is a fundamental tool for data analysis, offering various interpretations of data structures. In this context, a matrix can be viewed as a database with M rows and N columns. Matrix partitioning involves re-displaying the initial data matrix by generating new matrices, which is particularly useful for handling complex data and developing data mining methods. This approach also aids in data cleansing. Notable methods in matrix propagation include Singular Value Decomposition, Principal Component Analysis, and Non-negative Matrix Factorization (NMF).

NMF is applied to the statistical analysis of multivariate data. Given a non-negative matrix V, the goal is to find non-negative matrices W and H such that: V≈WH. 

In this method, V represents an n × m matrix where n is the number of features and m is the number of samples. The matrix V is approximately decomposed into an n × r matrix W and an r × m matrix H. 
Although the presentation focuses on the technical aspects of finding non-negative matrix factors, it is crucial for statistical analysis and practical applications.

The available information required for constructing the matrix includes:

· Organizational features scope

· Sub-types of performance evaluation

· Impact weight of each evaluation sub-model for each organizational feature

The input information to be provided by each company includes:

· Company size (including hybrid sensitivity and model complexity)

· Organizational status based on factor weights, which can be ranked by the methods

· Status of performance indicators

The output from the algorithm compilation models includes:

· Prioritization of performance evaluation methods

· Development and finalization of the performance evaluation method based on sensitivity and characteristics

· Assessment of improvements in the organization's performance based on the created model
Discussion and validation
This research introduces a novel performance measurement model tailored for construction companies, designed to enhance control over subsystems. The model aims to optimize separate subsets within organizations, thereby increasing overall productivity and enhancing decision-makers' capabilities by expanding the company's knowledge base.

The application of extensive methods and various tools, as detailed in the literature, is crucial for the success of this model. However, obtaining accurate information about the specific issues faced by each organization and presenting a suitable management model poses a significant challenge. The complexity involved in validating the model according to the proposed approach is another critical consideration.

Key achievements of this research include the development of specific evaluation indicators for holding companies and the introduction of a performance appraisal system that adapts to evolving conditions and facilitates systematic control. The model also contributes innovative solutions based on dynamic organizational information, defining a comprehensive goal function for holdings with independent sub-sets. This includes creating coordination, standardizing processes, and integrating insights from other research.

Another significant achievement is the assignment of optimal tools for organizational management problems, utilizing the knowledge base of the expert system to support accurate decision-making by managers.

To validate the model, we conducted tests to ensure its effectiveness and address minor issues. Table 2 presents a sample of the most suitable performance evaluation method for a hypothetical construction holding. Based on the weighted scores and the nature of the objective function, the appropriate performance evaluation tool can be selected.
Table 2, weighed performance evaluation method
	No
	 Title
	Financial and economic
	work force
	Fund
	Innovation
	Education and growth
	Technical
	Scale
	Weighted score
(%)

	1
	Financial
	0.3
	0.7
	0.2
	0.3
	0.6
	0.6
	0.45
	7.126697

	2
	Customers
	0.15
	0.8
	0.6
	0.2
	0.25
	0.1
	0.05
	4.864253

	3
	Internal processes
	0.1
	0.1
	0.2
	0.1
	0.25
	0.15
	0.1
	2.262443

	4
	Grow and learn
	0.05
	0.3
	0.7
	0.6
	0.25
	0.1
	0.1
	4.751131

	5
	Strategic goals
	0.2
	0.1
	0.15
	0.25
	0.1
	0.15
	0.15
	2.488688

	6
	Communication goals
	0.2
	0.2
	0.1
	0.5
	0.05
	0.1
	0.1
	2.828054

	7
	Motivational goals
	0.05
	0.15
	0.2
	0.15
	0.15
	0.15
	0.2
	2.375566

	8
	Indicators of results (delay indicators)
	0.35
	0.65
	0.75
	0.15
	0.8
	0.3
	0.05
	6.900452

	9
	Determines the results (basic and advanced)
	0.05
	0.5
	0.15
	0.6
	0.1
	0.25
	0.1
	3.959276

	11
	Goals of business units

	0.1
	0.2
	0.15
	0.25
	0.15
	0.4
	0.1
	3.054299

	12
	Business operating systems
	0.1
	0.3
	0.25
	0.15
	0.2
	0.1
	0.1
	2.714932

	13
	Departments  (quality, delivery)
	0.1
	0.2
	0.3
	0.7
	0.1
	0.6
	0.1
	4.751131

	14
	Key stakeholders
	0.25
	0.8
	0.1
	0.5
	0.3
	0.5
	0.1
	5.769231

	15
	Non-Key Affiliate
	0.1
	0.15
	0.3
	0.2
	0.05
	0.15
	0.05
	2.262443

	16
	MAKE
	0.2
	0.35
	0.3
	0.2
	0.3
	0.15
	0.1
	3.61991

	17
	Enablers (political and processes)
	0.15
	0.05
	0.1
	0.2
	0.3
	0.2
	0.05
	2.375566

	18
	Results (resulting from performance and customer)
	0.55
	0.6
	0.3
	0.4
	0.7
	0.3
	0.25
	7.013575

	20
	Evaluating goals rather than individuals.
	0.2
	0.1
	0.15
	0.2
	0.25
	0.05
	0.25
	2.714932

	21
	Success Analysis
	0.6
	0.15
	0.1
	0.2
	0.7
	0.3
	
	4.638009

	22
	An Ideal Planning Evaluation
	0.05
	0.1
	0.2
	0.15
	0.2
	0.15
	0.25
	2.488688

	23
	Fisher reasoning 
	0.2
	0.5
	0.1
	0.25
	0.05
	0.15
	0.2
	3.280543

	24
	Fisher judgments
	0.1
	0.3
	0.05
	0.3
	0.25
	0.2
	0.1
	2.941176

	25
	Fisher number of organization 
	0.1
	0.1
	0.2
	0.2
	0.1
	0.15
	0.25
	2.488688

	26
	Management assessment based on values
	0.6
	0.2
	0.4
	0.3
	0.1
	0.25
	0.6
	5.542986


Conclusion

This research introduces a novel performance measurement model tailored specifically for construction companies, aimed at enhancing control over various subsystems within these organizations. By integrating and optimizing distinct performance evaluation methods, the model seeks to boost overall productivity and decision-making capabilities through a comprehensive knowledge base.

The study effectively tackles the challenge of obtaining accurate information on specific organizational issues and developing a suitable management model. It offers innovative solutions grounded in dynamic organizational data, establishing a robust framework for continuous improvement. Key contributions include the development of customized evaluation indicators, the introduction of a performance appraisal system adaptable to changing conditions, and the creation of a comprehensive goal function for holdings. The model also promotes coordination and standardization of processes, informed by previous research insights.

Validation of the model highlights its practical applicability, with a focus on optimizing performance evaluation methods based on weighted scores and objective functions. The sample evaluation method provided serves as a practical tool for construction companies to refine their management practices.

Future research could expand the application of this model to various organizational contexts and refine its methodologies with empirical evidence. Incorporating real-time data analytics and broadening performance indicators could further enhance the model's effectiveness.

Overall, this research significantly contributes to the field of performance measurement in construction companies, presenting a framework that promises substantial improvements in management and productivity.
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