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Abstract

:

At present, the construction industry in China has problems such as low production efficiency, low technical efficiency, low management efficiency of the construction project, delayed delivery, budget overruns, and unreasonable risk allocation. Value management can address these issues by enhancing the value of construction projects in China, reducing construction costs, and ensuring significant investment returns. This study uses literature analysis to identify the critical obstacles to adopting value management and uses questionnaires and surveys, structural equation modeling, and factor analysis to prioritize the critical obstacles to adopting value management. What is more, the main contribution of this research is to identify the critical obstacles to the adoption of value management, which provides a new perspective for related research and has specific positive significance for practice summary and reform direction. The research was limited to the region of Tianjin and its surrounding cities. The critical survey respondents for this study are architects, quantity surveyors, contractors, civil engineers, and service engineers with rich experience in construction management. The research results show that the key obstacles to implementing value management in the construction industry in China are mainly divided into four categories: Environmental Factors; Stakeholder and Management Factors; Technological Factors; Information Factors. In addition, the researchers found that the level of the adoption of value management in the construction industry in China is deficient. Value management was not used in most of the organizations surveyed, and project teams did not practice its concept.
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1. Introduction


Inefficiency dilemma is a pervasive problem in the construction industry, especially in China [1,2,3,4], and that is mainly reflected in the low production efficiency of the construction industry [3], low technical efficiency [1], and low management efficiency of construction projects [4,5,6,7], delayed delivery, cost overruns [8], environmental regulation [9], unreasonable allocation of risks [10], etc. The construction industry has a significant impact on promoting the development of the national economy in developing countries [11]. The inefficiency dilemma is not conducive to the positive development of the construction industry, which in turn affects the national economy and national living standards [12]. With these demands increasing, construction projects’ cost reduction becomes the primary objective, especially for government-invested projects [13]. In response to the inefficiency dilemma of the construction projects in developing countries, especially in China, value management (VM) is introduced into construction projects to optimize management efficiency, control project risk cost, and promote project success, which is a viable solution [14].



Value management was first utilized in the construction industry in developed countries in the early 1960s [15]. Value management was applied with considerable success in the construction industry in most developed countries [16,17,18,19]. However, facts have proved that the value management principles and their implementation in the construction industry in most developing countries were not fully implemented [19]. Value management is still in its infancy in developing countries and has not yet been widely accepted [20,21,22,23,24]. The application of value management in developing countries begs the question, what factors prevent the industry from adopting this obviously beneficial practice?



For decades, value management was utilized to enhance the quality and the standards of the construction project [25,26]. VM is one of the feasible ways to solve inefficiency dilemmas in the whole life of construction projects, balancing time, costs, and quality in a way that solves and maximizes the functional value of the construction project with the lowest possible cost [27,28]. Optimal value management is achieved when every stage of projects are reviewed to improve functionality, performance, and quality, which helps to reduce more unnecessary costs [15,29,30,31,32]. Therefore, minimizing costs is one of the goals of VM in the construction industry, and its ultimate goal is to achieve the best value for investment [28,33].



Implementation obstacles for VM were encountered in many countries [18,19,34,35]. Some cases from China also merit a critical reflection [36], considering that the construction industry suffers from poor project performance, which results in frequent owner dissatisfaction. Therefore, this research uses the construction industry in China as a case study to identify and evaluate the possible obstacles to the application of value management in China, with a view to offering some improving measures in construction industries. The research results can help avoid these obstacles and improve the use of value management in the construction industry. Unlike the common practice of choosing a specific region or state to represent the entire country, the respondents selected for this study were drawn from multiple provinces in China. Therefore, the research finding shows a true reflection of the obstacles to implementing value management. To a large extent, its suggestions can increase the implementation of value management in the construction industry in China. The following critical research problems are posed to achieve the objectives of this paper: (1) Identification of the critical obstacles to construction project value management; (2) Structural equation analysis of the critical obstacles to value management. Value management applications in the construction industry suggested highlighting the primary factors and identifying and evaluating those obstacles to VM implementation. Finally, literature analysis methods for finding 33 obstacle factors, and, in combination with structural equation modeling (SEM), to obtain four categories of critical factors that can reduce the probability of falling into the inefficiency dilemma and improve project management performance.




2. Critical Factors in Value Management


In the past few decades, as a method, a useful tool, and a technique, value management (VM) has been approved [37]. The previous literature analyzes the many critical success factors that affect the adoption of value management in some countries [25]. Shen [38] also analyzed the knowledge adoption of value management in the construction industry in Hong Kong, and found three critical factors that influenced why VM was not utilized in construction projects: (1) Lack of knowledge on how to implement value management; (2) Lack of confidence in introducing value management to clients; (3) Lack of appropriate time to adopt value management. However, Shen and Liu [39] used a systematic literature review to list 23 critical success factors (CSFs) for value management in the construction industry. Using a questionnaire, these CSFs were evaluated and divided into fifteen variables. These variables were identified as the key to improving VM implementation performance, and customer assistance and active participation were listed as the first of the most significant factors. Offering a specific objective for value management analysis was the second important factor. Multidisciplinary teams were considered to be the third essential element, while well-trained value management facilitators were in fourth place. In Sri Lanka [40], the adoption of value management in the construction industry is relatively low. Due to a lack of standard procedures for value management processes, the construction industry cannot facilitate and instruct the integration of value management, nor promote and guide the integration of VM, as well as there being a lack of information and recommendations on the benefits of value management. All of these are reasons for the lower use of value management in Sri Lanka. Fard et al. [41] investigated five barriers to adopting value management in the construction industry in Iran, which involved outdated standards and norms, traditional thinking and negative attitudes, insufficient local guidance, insufficient knowledge, changes in construction industry practices, and ownership requirements.



Many developed countries worldwide have applied value management more and achieved good results, so value management has attracted widespread attention in many developing countries [42]. However, VM has not been widely adopted in developing countries [19]. In order to improve this situation, there are many studies on identifying obstacles to VM implementation in developing countries [18,19,34,35]. Some researchers who focus on VM attach great importance to functional analysis. They believe that functional analysis is an indispensable factor that promotes the success of value management research and differentiates value management from traditional cost reduction methods. However, according to American architectural research surveys and case studies, Palmer et al. [43] questioned the dedication of functional analysis to the success of value management research. They believed that the value management seminar itself was a key factor. The degree of success or output level is primarily related to the factors of the value management seminar, such as the personality of the participants, the ability of the host, the appropriate timing of the value management seminar, the interaction of the value management team members, the input of the original design team, and the role of the customer. Lacking VM knowledge is another important issue, although the time that it takes to implement VM in Malaysia did not create a major obstacle [44]. Jaapar et al. [20] also confirmed that insufficient knowledge, resistance to change among all of the parties, and conflicting project objectives among those parties were the main problems faced by VM seminars. The research evaluated the most significant barriers: lack of knowledge; wrong procurement methods; and lack of qualified skills in applying value management in public constructions in Tanzania [35]. What is more, Aduze [45] noted the possibilities and the challenges of implementing value management in construction projects in Nigeria. This research believed that insufficient government legislation and policies, poor reception of customers, and an insufficient understanding of value management were all obstacles to using value management in Nigeria. Moreover, some studies found that the effectiveness of value management procedures cannot be achieved due to insufficient attention to value management and poor positioning [46]. In addition, Hayatu [47] also submitted that a lack of funding from the government, lack of value management professionals, and lack of commitment to implement VM were obstacles to adopting value management. Inadequate preparation and management support and difficulties involved by all of the major participants in the project process are factors that influence the implementation of value management in the construction industry. In addition to the above factors, issues such as the unclear division of labor among the construction industry professionals, low collaboration efficiency, barriers to communication with stakeholders, and lack of VM training can also hinder VM implementation.



First of all, existing studies have found that the unclear division of labor among the professionals in the construction industry is one of the main obstacles to implementing value management [40]. It shows that the critical factor is the cooperation of all of the construction partners to overcome this obstacle. Traditional construction procurement methods do not support strong alliances among construction professionals. Some researchers recognize this and suggest that collaboration among these construction professionals using value management could help work linkages and minimize unprincipled behavior among stakeholders [47]. The value management organization promotes collective procurement opportunities and coordinates the priorities of multiple construction partners to realize the value of customer capital. What is more, some researchers have shown that a potential method to improve the efficiency of value management is using information technology. This opinion conforms to the committee’s argument, Coetzee [48] describes a method that uses electronic value management exercises to improve the teaching of value management in the construction industry in South Africa, as the use of technological innovations, such as video conferencing, is the difference compared to traditional seminars organized by teams. The VM team works on the Internet and exercises with new technologies, which is also supported by a previous study. Furthermore, Perera and Karunasena [40] analyzed the adoption of value management in Sri Lanka’s construction industry. They found that value management was relatively limited compared with developed countries, due to insufficient knowledge and awareness of value management. Moreover, the owner is a critical participant in the execution of the construction project. Value management training is critical to encouraging value management implementation in developing countries [49]. This training needs to involve all of the procedures required to apply value management. Similarly, Tanko et al. [14] state that value management training is essential for its implementation among construction professionals. Value management experts from developed countries offer all of the value management tools and technologies in value management training. The study found that training construction professionals in value management would minimize the shortage of value management specialists in the construction industry, and showed that appropriate value management education would not only benefit local construction practitioners, but could also facilitate the wider adoption of value management [19]. Malla [23] suggested that providing a reward for value management participants can improve the adoption of value management in construction projects. In addition, Hayatu [47] believes that the project owner’s comprehension of VM would encourage the wider adoption of VM construction projects and states that the government’s impact on implementing the new policies and regulations could not be ignored. Therefore, the government in United States is working hard to help promote the adoption of value management in the construction industry in United States. The approval clause, which is similar to VM approval clauses, is also required when implementing the construction projects of United States and Australian governments. Government intervention has fostered the construction stakeholder’s widespread application of value management. Therefore, customer participation and dedication are essential to improve the implementation of VM.



In summary, 33 construction industry VM obstacles’ factors for implementation are found by analyzing the literature, as shown in Table 1.




3. Research Method and Model Development


3.1. Model Development


Structural Equation Modeling (SEM) is a method for establishing, estimating, and testing causal models [58]. The model can replace methods such as multiple regression, trajectory analysis, factor analysis, and covariance analysis, and clearly analyze the role and interrelationship of each indicator in the population [59]. Among the structural equation modeling methods, the mainstream methods include LISREL and PLS paths.



Partial least square structural equation modeling (PLS-SEM) has attracted much attention in many fields, especially business research and social sciences [60]. SMART-PLS 3.3.9, the latest software edition, was applied to evaluate the collected data, in order to model the priority of the critical obstacles of VM using SEM.




3.2. Data Collection and Analysis


This research aims to identify the obstacles and challenges to implementing value management in China, to promote the approach applied in the construction industry by providing some improvement suggestions. This study was conducted in China and the respondents came from multiple provinces in the country. The study utilized a questionnaire and examined construction professionals who participated in construction projects. The criterion for choosing these professionals was that they must participate in delivering public construction projects as clients, contractors, or consultants. In total, 300 questionnaires were distributed to eligible respondents across the chosen locations in China. The construction professionals from contractors, project management firms, consultancies, and client organizations were the main sources of respondents for this study. A total of 86% (258) of the questionnaires were properly answered and returned. According to Wahyuni [61] and Othman [32], this suggests that a 67% return rate is sufficient for the research.



A structured questionnaire was the research tool for this study, designed based on the information gathered from relevant research reviews. The information received from the previous section quality-checked the answers to the questions about the factors responsible for the non-implementation of value management in the construction industry. This study provided respondents with the obstacles to value management implementation identified in the literature and asked them to rate their severity using a five-point Likert scale, based on their level of knowledge and experience. The five-point Likert scale included a series of statements, of which there were five answers: “strongly agree”, “agree”, “not necessarily”, “disagree” and “strongly disagree”, which are 5, 4, 3, 2 and 1. The total score can indicate the respondent’s attitude in a certain state, or the attitude of different states. Most questionnaires were mailed individually or in batches. Respondents have to fill in forms, and survey questionnaires were usually more comprehensive, complete, and easier to grasp than interview questionnaires.





4. Results


4.1. Demographics of Respondents


Most respondents have worked in the Chinese construction industry for many years. As shown in Table 2, most respondents (91%) have more than six years of work experience, while only 9% have less than five years of work experience in the construction industry. Therefore, it can be inferred that the respondents have the necessary experience to conduct this research survey.



The role played by the different organizations in the Chinese construction industry is shown in Table 2. A total of 40% of the respondents were from contracting firms, 36% were from owner organizations, and 24% were from consulting/design engineering firms. These indicate that the respondents are from the core domains of the study under investigation. Therefore, the credibility of the data used for this study was demonstrated.



The responses reveal that 40% (103) of the respondents were familiar with VM, 35% (90) were moderately familiar, 10% (26) were completely familiar with VM, while 15% (39) were not familiar with VM. As a result, approximately 85% of respondents were fully familiar or moderately familiar with VM.



In Table 2, there are different opinions on value management among the respondents. A total of 50% of the respondents think that VM is a concept, 45% believe that VM is a technology, and only 5% state that VM is a profession. This result indicates that most respondents (95%) believe that value management is a strategy or concept.




4.2. Exploratory Factor Analysis


Usually, the KMO test and Bartlett’s sphere test are first used to determine whether the scale data are suitable for factor analysis, and then the exploratory factor analysis step follows. This paper used SPSS22.0 to analyze the factors of these 33 obstacle variables.



Factor analysis is used for information enrichment research. Analyzing whether the data obtained are appropriate for factor analysis, KMO is a measure of the homogeneity of variables. KMO is always utilized to evaluate whether the partial correlations between the variables are minimum [62]. For factor analysis, the KMO index ranges from 0 to 1, and it is recommended to use 0.6 as the minimum value for good factor analysis [63]. While Bartlett’s test of sphericity tests whether a correlation matrix is an identity matrix, according to Pallant [64], when  ρ  < 0.05, Bartlett’s test of sphericity should be significant. As shown in Table 3, the KMO value is 0.887, greater than 0.6, and the prerequisite factor analysis is met, that is, the data can be used for factor analysis.



It can be seen from Table 3 that the results of the validity analysis are suitable for factor analysis of the factors that affect the implementation of value management. Therefore, the principal component analysis method will be used next to extract the common factors for the measurement items that hinder the implementation of value management. For factors with an eigenvalue > 1, using the maximum variance rotation method, the factor loading matrix after rotation is shown in Table 4.



As shown in Table 4, the one factor of TF7 is excluded due to cross-loading, and there are only four dimensions left. It can be seen from the above figure that the first six items (EF1, EF2, EF3, EF4, EF5, EF6) are all facing the factor 1, and the factor loading values are all higher than 0.4, indicating that these six items should belong to the same dimension, and that they are Environmental Factors. Similar factor 2 (Stakeholder and Management Factors), factor 3 (Technological Factors), and factor 4 (Information Factors) are three dimensions.




4.3. Reliability and Validity Analysis


	(1)

	
Reliability analysis







Reliability analysis refers to the analysis of the reliability of the measurement results of the same research object, in terms of stability or consistency. Using reliability analysis on the questionnaire, the higher the reliability index obtained, of course, the higher the reliability of the collected questionnaire, and the lower the measurement error. Cronbach invented the Cronbach coefficient in 1951, and its values range from 0 to 1. Generally, a higher Cronbach value is considered to mean the higher reliability of the scale and better internal consistency of the questionnaire. For reliability analysis, the Cronbach’s  α  coefficient currently used in learning is very common, and the Composite Reliability (CR) coefficient is used. The calculation formula of Cronbach’s  α  coefficient is:


  α =  K  K − 1    (  1 −     ∑   i = 1  k   σ i 2     σ T 2     )   



(1)







Among them, K is the total number of items on the scale,    σ i 2    is the in-question variance of the score of the i question, and    σ i 2    is the variance of the total score of all of the items.



It is generally believed that when the Cronbach’s  α  value is greater than 0.9, the reliability is excellent; when the Cronbach’s  α  value is between 0.8 and 0.89, the reliability is excellent; when the overall Cronbach’s  α  value exceeds 0.8, the questionnaire has a use value.



The overall reliability analysis results of the scale used in this research are shown in Table 5. The overall Cronbach’s  α  coefficient of 33 observed variables is 0.984, indicating that the scale items designed in this research have high internal consistency.



In addition to calculating the Cronbach’s α coefficient, this study also further calculated the Composite Reliability (CR). CR is a more rigorous reliability evaluation index, and its calculation formula is:


  C R =      (    ∑  t   π  r t    )   2       (    ∑  t   π  r t    )   2  +   ∑  t   (  1 −  π  r t  2   )     



(2)







Among them, t is the number of latent variable indicators, and    π  r t     is the factor load of the r indicator of the t latent variable.



The following is a reliability analysis of the four dimensions of culture and environment, stakeholders and knowledge, standardization, and project site dynamics. The results are shown in Table 6.



From the above analysis results, it can be seen that the comprehensive reliability CR value of each question item is greater than 0.7, which indicates that the scale has good reliability [65]. At the same time, all of the Cronbach’s Alpha values are greater than the standard 0.5 [65], and the values are distributed around 0.9. Therefore, the reliability of the questionnaire can be considered to be high.



	(2)

	
Validity analysis







In the sample data test, validity is also one of the main indicator characteristics. Some researchers have shown that the greater the value of validity, the greater the validity of the survey results, and the greater the representative of the authenticity of the checked events [66], therefore, the greater the possibility of achieving the purpose of the survey. Effectiveness includes two aspects: structural effectiveness and content effectiveness. Usually, the indicator for evaluating the effectiveness of content is the rationality of the topic distribution. The most common evaluation method is expert evaluation, which probably means that relevant experts are invited to evaluate whether the preliminary research scope corresponds to the questionnaire’s topic. Structure validity is a common indicator for evaluating the structure of scales. The structure validity test of the structural equation model usually has two aspects: convergence validity and discriminant validity.



The difference in the effectiveness of convergence lies in the comparison between Average Variance Extracted (AVE) and 0.5. If the AVE is greater than 0.5, it indicates that the explanatory power of this dimension has exceeded half of its index, and the convergence validity is good [60]. It is calculated as follows:


  A V E =     ∑  t   π  r t  2      ∑  t   π  r t  2  +   ∑  t   (  1 −  π  r t  2   )     



(3)







When all of the factor loads are standardized, the calculation formula of AVE is:


  A V E =     ∑  t   π  r t  2   t   



(4)







The method of calculating regional validity is to compare the correlation coefficients of other structures with the AVE of each dimension. If the correlation coefficient between each dimension and other components is greater than the AVE of its isotope, it can be considered that each dimension has better discrimination validity.



The validity of the data is tested, and the results are shown in Table 6.



As shown in Table 6, the AVE values of all of the dimensions are around 0.700, which is higher than 0.500, so each dimension has good convergence validity [65].



In addition, this research adopted literature analysis and consulting expert interviews to design the measurement scale. The measurement scale was revised and perfected according to the language expression habits and actual learning situation. Therefore, the measurement model has good validity.




4.4. Model Result


Although many developed countries use value management widely in the construction industry, value management is less used in developing countries. China has also encountered the same problems and contradictions as many other developing countries in implementing value management. Implementing VM principles can resolve these issues and contradictions. Practitioners’ awareness of VM and its critical construction activities would greatly increase senior managers’ decisions to accept value management as an integral platform/element in the project. The successful adoption of value management often depends on requirements for various knowledge and the suitable degree of understanding of value management from the different stakeholders. However, concerning the perception of value management, the study results show that approximately 95% of respondents believe that VM is a concept. The model proposed in this research shows that all of the four key obstacle categories of value management components greatly influence the application of value management. Avoiding these obstacles can improve the sustainability of construction projects. Therefore, the project team can use VM to minimize costs and time, and to improve quality, without losing any project functionality.



Although domestic construction professionals have quite good opinions of VM, they have not yet adopted VM.



Therefore, it is necessary to construct a VM obstacle factor model to help the construction personnel to avoid these obstacles and implement value management. This study would use components from the PLS-SEM model to prioritize the critical obstacles to VM.



The square root of the AVE (Table 6) surpassed their correlations with all of the other dimensions, which showed no association between either of the two dimensions. The cross-loading represents the contribution of an item to its latent variable. As shown in Table 7, the load of EF1 in Environmental Factors is 0.764, which is greater than the load of EF1 on the other latent variables. Therefore, EF1 really does belong to Environmental Factors. Eventually, each dimension can be guaranteed to have an excellent unidimensionality. The PLS-SEM model (show in Figure 1) is used to prioritize these factors.





5. Discussion


D1: (Stakeholder and Management Factors)



In construction project management, there are many managers, which can easily lead to the lack of the main body of value management. For existing managers, value management is not their right or responsibility, so they lack the motivation to implement value management. Moreover, some customers are reluctant to fund VM activities [44,50] due to a lack of awareness of the existence of VM and the benefits of VM integration [20,44]. In addition, the project participants lack an understanding and implementation experience of value management [52]. The project participants are a dynamic factor in the realization of value management and, in a sense, determine the implementation and realization of value management. In implementing value management, enterprises in the construction industry are subject to certain artificial obstacles, mainly because, first, there is a lack of correct understanding of value management. There is also a lack of awareness and implementation experience of value management among project participants [20,52]. Value management is a new management concept and method, and its dissemination and application in the construction industry require a process. Secondly, they are unwilling to accept innovation. The construction industry has decades of development history, and practitioners are very familiar with the existing management concepts and methods. Value management needs to be fully optimized and reformed, which is a big challenge to construction practitioners’ business abilities and comprehensive qualities. Employees who lack the spirit of challenge and are unwilling to accept innovation will be resistant to pressure.



As a management concept and method, value management will be constrained and influenced for various reasons by all of the parties involved in the project during its operation. Therefore, forming a professional value management team and constructing a management model with a clear subject is conducive to implementing and realizing value management. The current management model lacks professional value management experts and project teams [19,53], lacks a clear definition and scope for different professionals [37,39], and lacks management’s commitment to implementing VM [53]. On the one hand, these problems form the realistic basis for the implementation of value management. On the other hand, they are also obstacles to realizing value management.



D2: (Technological Factors)



For the construction industry in developing countries, because value management is a relatively advanced management concept and method, management techniques such as project management guidelines, contract management, and project procurement methods currently used in the construction industry may not be suitable for value management [14]. In addition, because some practitioners lack knowledge in and experience of value management and its implementation [52], construction companies need to carry out training in, and practice of, value management to enrich practitioners’ knowledge of value management [29]. If the above technical issues are not resolved, it will hinder the implementation of value management in construction projects.



D3: (Environmental Factors)



Value management was first utilized in the construction industry in developed countries in the early 1960s [15]. Value management was applied with considerable success in the construction industry in most developed countries [16,17,18,19]. The role models of success stories are very influential. More and more companies in the construction industry in developing countries are gradually trying to use value management to improve the efficiency of construction projects, improve project performance, and gradually form a good environment in the industry [29,44]. Therefore, to implement value management, environmental factors are important. Implementing advanced management theories and methods in a positive and favorable environment is relatively less challenged and resisted [29]. For industries that lack that environment, it is a huge project that needs to start by changing personnel’s perception.



D4: (Information Factors)



From the perspective of information dissemination, value management is a two-way flow of information. One flow is from top to bottom, from the management level to the staff level, to convey the basic theoretical methods of value management, as well as basic information such as the process and content of the implementation of the value management plan [52]. Another flow is bottom-up, from the employee level to the management, with feedback on the response of front-line positions to the implementation of value management [14]. Whether the information transmission is timely and effective is also related to the realization of value management.




6. Conclusions


Value management has a huge impact on enhancing the value of construction projects, reducing construction costs, and ensuring significant investment benefits. Many resources were invested in construction projects in China, but it still has not escaped the inefficiency dilemma. So, what are the key obstacles to applying value management in China, which is the critical question of this paper. This paper used literature analysis to identify the critical obstacles to VM implementation. Based on previous studies, it classified the critical obstacles in the four dimensions of Stakeholder and Management, Technological, Environmental, and Information. Then it analyzed the construction project’s key obstacle factors, to obtain the list of the critical obstacle factors of value management in construction projects. Moreover, SEM was used to prioritize the critical obstacle factors. Finally, the analysis based on the ranking of the critical factors helped provide a certain reference and guidance for the future development and practice of VM in construction projects in developing countries.



The research results show that critical obstacles to implementing value management in the construction industry in China are mainly divided into four dimensions: Stakeholder and Management; Technological; Environmental; and Information. In addition, the researchers found that the level of adoption of VM in the construction industry in China is deficient. Most of the surveyed organizations did not use VM, and the project teams did not practice its concepts. In response to the above problems, some suggestions are given in this research: (1) Regular VM workshops should be promoted, and the workshops should explain the process of value management implementation, not just advertise the benefits and realize benefits [32]; (2) It is necessary to train the construction professional on the value management process, including principles, concepts, and techniques. All construction institutions need to hold training workshops on value management for their employees regularly, and include this content in their continuous professional development evaluation [16]; (3) The government could help facilitate the application of value management by formulating policies, regulations, and guidelines. These policies, regulations, and guidelines will promote the adoption of value management in the construction project [14]; (4) Decision makers should regularly attend VM seminars or training [67,68].



This paper conducts an exploratory study on the critical obstacle factors of implementing value management in construction projects, provides a new perspective for related research and has a certain positive significance in the direction of practice summary and reform. However, this paper still has some shortcomings. Architects, quantity surveyors, contractors, civil engineers, and service engineers in the construction industry were primarily considered in this research. Therefore, the term “construction professionals” cannot be generalized. The results of this research are limited to the construction industry and may not be generalized to another department of the Chinese economy. Therefore, to increase the overall performance of the construction industry in China, empirical research needs to be undertaken, taking into account the other construction professionals and the stakeholders.
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Figure 1. PLS-SEM model. 
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Table 1. Key obstacles for VM implementation.






Table 1. Key obstacles for VM implementation.





	
Classification

	
Category

	
Factor






	
Environmental Factors (EF)

	
EF1

	
Lack of customer awareness of VM and the benefits of VM integration [20,44]




	
EF2

	
Clients are reluctant to fund value management activities [44,50]




	
EF3

	
The industry is not ready to adopt value management [29,47]




	
EF4

	
Lack of establishing and clarifying customer value systems [51]




	
EF5

	
Lack of government encouragement/top management support [36,44]




	
EF6

	
Lack of regular VM workshops [52]




	
Stakeholder and Management

Factors (SMF)

	
SMF1

	
Lack of value management experts [19,53]




	
SMF2

	
Lack of commitment to adopt value management [53]




	
SMF3

	
There is no clear definition and scope between different professionals [37,39]




	
SMF4

	
Lack of a multidisciplinary VM team [29]




	
SMF5

	
Stakeholders struggle to establish common project goals [20]




	
SMF6

	
Lack of an excellent team of professional value managers [19]




	
SMF7

	
Decision-making powers not granted to participants by the organization [54]




	
SMF8

	
Stakeholders cannot fulfill their promises to the VM seminar in a timely manner [39,55]




	
SMF9

	
Lack of active participation and support from customers and stakeholders [29,39]




	
SMF10

	
Some project participants refuse to accept state-of-the-art innovations [20]




	
SMF11

	
Poor relationship and communication among various stakeholders [20,56]




	
SMF12

	
Stakeholder mindset/attitude (reluctance to embrace change and innovation) [20,29]




	
SMF13

	
Stakeholders struggle to establish common project goals [20]




	
SMF14

	
Lack of awareness and implementation experience of value management among project participants [52]




	
Technological Factors (TF)

	
TF1

	
Lack of a proactive, creative and structured method [39,54]




	
TF2

	
Lack of a legal framework for applying value management in the construction industry [9,19,53,57]




	
TF3

	
Lack of creative brainstorming methods [29]




	
TF4

	
Lack of available value management implementation guidance [19,47]




	
TF5

	
Technological Progress Issues using Technological Integration in the VM Approach [48]




	
TF6

	
Traditional procurement and contracting strategies are not suitable for implementing value management [14]




	
TF7

	
Difficulty in analyzing and evaluating features and alternatives [29]




	
TF8

	
Insufficient training and education on value management methods [29,47]




	
Information Factors (IF)

	
IF1

	
Insufficient information sharing among project participants [52]




	
IF2

	
Incomplete project background information collected [52]




	
IF3

	
Some project participants are unwilling to spend time collecting project information to make their own independent decisions




	
IF4

	
There is no effective information feedback and decision-making mechanism for risk factors such as project uncertainty [14]




	
IF5

	
It is difficult for project participants to understand all of the relevant information about the project fully.
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Table 2. General information of the respondents in this research.
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Category

	
Classification

	
Frequency

	
Percentage






	
Working Experience

	
1–5 years

	
23

	
9




	
5–10 years

	
62

	
24




	
10–15 years

	
77

	
30




	
15–20 years

	
65

	
25




	
More than 20 years

	
31

	
12




	
Total

	
258

	
100




	
Organizational Role

	
Contractor

	
103

	
40




	
Consulting company

	
62

	
24




	
Owner

	
93

	
36




	
Total

	
258

	
100




	
Professional knowledge

	
Not Familiar

	
39

	
15




	
Moderately Familiar

	
90

	
35




	
Familiar

	
103

	
40




	
Completely Familiar

	
26

	
10




	
Total

	
258

	
100




	
Comprehension of VM

	
Career

	
13

	
5




	
Concept

	
129

	
50




	
Technology

	
116

	
45




	
Total

	
258

	
100




	
Implementation of VM

	
YES

	
39

	
15




	
NO

	
219

	
85




	
Total

	
258

	
100




	
Training of VM

	
YES

	
26

	
10




	
NO

	
232

	
90




	
Total

	
258

	
100
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Table 3. KMO and Bartlett’s test of observed variables.
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Kaiser–Meyer–Olkin

	
Bartlett’s Sphericity Test




	

	
Approx. Chi-Square

	
df

	
sig.






	
Environmental Factors (EF)

	
0.874

	
411.367

	
15

	
0.000




	
Stakeholder and Management Factors (SMF)

	
0.921

	
1398.729

	
91

	
0.000




	
Technological Factors (TF)

	
0.932

	
627.233

	
28

	
0.000




	
Information Factors (IF)

	
0.872

	
404.592

	
10

	
0.000
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Table 4. Factor loading of VM obstacle factor.
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Component Loading




	
NO.

	
1

	
2

	
3

	
4






	
EF1

	
0.767

	

	

	




	
EF2

	
0.828

	

	

	




	
EF3

	
0.839

	

	

	




	
EF4

	
0.924

	

	

	




	
EF5

	
0.888

	

	

	




	
EF6

	
0.891

	

	

	




	
SMF1

	

	
0.86

	

	




	
SMF2

	

	
0.879

	

	




	
SMF3

	

	
0.885

	

	




	
SMF4

	

	
0.899

	

	




	
SMF5

	

	
0.872

	

	




	
SMF6

	

	
0.924

	

	




	
SMF7

	

	
0.894

	

	




	
SMF8

	

	
0.858

	

	




	
SMF9

	

	
0.852

	

	




	
SMF10

	

	
0.854

	

	




	
SMF11

	

	
0.89

	

	




	
SMF12

	

	
0.696

	

	




	
SMF13

	

	
0.823

	

	




	
SMF14

	

	
0.836

	

	




	
TF1

	

	

	
0.871

	




	
TF2

	

	

	
0.922

	




	
TF3

	

	

	
0.902

	




	
TF4

	

	

	
0.848

	




	
TF5

	

	

	
0.904

	




	
TF6

	

	

	
0.865

	




	
TF8

	

	

	
0.828

	




	
IF1

	

	

	

	
0.924




	
IF2

	

	

	

	
0.813




	
IF3

	

	

	

	
0.918




	
IF4

	

	

	

	
0.934




	
IF5

	

	

	

	
0.912




	
Eigen values

	
4.415

	
10.359

	
6.021

	
4.061




	
Total variance xplained cumulatively difference

	
73.59

	
73.99

	
75.26

	
81.21
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Table 5. The overall reliability analysis.
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	Cronbach’s Alpha
	Items





	0.984
	33
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Table 6. Reliability analysis.
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Dimension

	
NO.

	
Outer Loading

	
Cronbach’s

Alpha

	
Composite

Reliability

	
AVE




	
Initial Modified






	
Environmental Factors

	
EF1

	
0.764

	
0.764

	
0.927

	
0.943

	
0.736




	
EF2

	
0.825

	
0.825

	

	

	




	
EF3

	
0.840

	
0.840

	

	

	




	
EF4

	
0.925

	
0.925

	

	

	




	
EF5

	
0.889

	
0.889

	

	

	




	
EF6

	
0.894

	
0.894

	

	

	




	
Information Factors

	
IF1

	
0.925

	
0.925

	
0.942

	
0.956

	
0.812




	
IF2

	
0.810

	
0.810

	

	

	




	
IF3

	
0.919

	
0.919

	

	

	




	
IF4

	
0.934

	
0.934

	

	

	




	
IF5

	
0.912

	
0.912

	

	

	




	
Stakeholder and

Management Factors

	
SMF1

	
0.86

	
0.860

	
0.969

	
0.973

	
0.732




	
SMF10

	
0.855

	
0.855

	

	

	




	
SMF11

	
0.890

	
0.890

	

	

	




	
SMF12

	
0.694

	
Deleted

	

	

	




	
SMF13

	
0.823

	
0.823

	

	

	




	
SMF14

	
0.836

	
0.836

	

	

	




	
SMF2

	
0.880

	
0.880

	

	

	




	
SMF3

	
0.885

	
0.885

	

	

	




	
SMF4

	
0.899

	
0.899

	

	

	




	
SMF5

	
0.872

	
0.872

	

	

	




	
SMF6

	
0.924

	
0.924

	

	

	




	
SMF7

	
0.893

	
0.893

	

	

	




	
SMF8

	
0.858

	
0.858

	

	

	




	
SMF9

	
0.851

	
0.851

	

	

	




	
Technological Factors

	
TF1

	
0.872

	
0.872

	
0.953

	
0.960

	
0.753




	
TF2

	
0.923

	
0.923

	

	

	




	
TF3

	
0.901

	
0.901

	

	

	




	
TF4

	
0.846

	
0.846

	

	

	




	
TF5

	
0.905

	
0.905

	

	

	




	
TF6

	
0.862

	
0.862

	

	

	




	
TF7 (The item was excluded due to cross-loading)

	
0.794

	
0.794

	

	

	




	
TF8

	
0.831

	
0.831
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Table 7. Cross loading of measurement dimensions.






Table 7. Cross loading of measurement dimensions.












	
	Environmental Factors
	Information

Factors
	Stakeholder and Management Factors
	Technological Factors





	EF1
	0.764
	0.538
	0.624
	0.598



	EF2
	0.825
	0.562
	0.669
	0.649



	EF3
	0.840
	0.627
	0.753
	0.686



	EF4
	0.925
	0.740
	0.792
	0.760



	EF5
	0.889
	0.688
	0.738
	0.716



	EF6
	0.894
	0.733
	0.819
	0.745



	IF1
	0.734
	0.925
	0.769
	0.852



	IF2
	0.581
	0.810
	0.644
	0.682



	IF3
	0.720
	0.919
	0.784
	0.820



	IF4
	0.705
	0.934
	0.782
	0.832



	IF5
	0.675
	0.912
	0.752
	0.785



	SMF1
	0.720
	0.725
	0.860
	0.732



	SMF10
	0.716
	0.819
	0.855
	0.807



	SMF11
	0.786
	0.706
	0.890
	0.766



	SMF13
	0.717
	0.704
	0.823
	0.755



	SMF14
	0.644
	0.674
	0.836
	0.766



	SMF2
	0.824
	0.767
	0.880
	0.786



	SMF3
	0.798
	0.767
	0.885
	0.800



	SMF4
	0.799
	0.715
	0.899
	0.742



	SMF5
	0.720
	0.714
	0.872
	0.726



	SMF6
	0.768
	0.761
	0.924
	0.801



	SMF7
	0.749
	0.734
	0.893
	0.776



	SMF8
	0.750
	0.724
	0.858
	0.763



	SMF9
	0.764
	0.641
	0.851
	0.715



	TF1
	0.775
	0.756
	0.767
	0.872



	TF2
	0.743
	0.799
	0.821
	0.923



	TF3
	0.717
	0.763
	0.796
	0.901



	TF4
	0.654
	0.698
	0.718
	0.846



	TF5
	0.740
	0.831
	0.819
	0.905



	TF6
	0.655
	0.702
	0.709
	0.862



	TF8
	0.691
	0.785
	0.772
	0.831







The largest value of each factor on its corresponding dimension is highlighted in bold.
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