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Abstract

:

Value management (VM) has become a useful tool for achieving sustainability in many countries. This paper aims to assess VM implementation and its activities towards achieving sustainable building projects in Egypt. Data were obtained from the literature, followed by a qualitative approach through a semi-structured interview and a quantitative approach via a questionnaire survey. In Cairo and Giza, data were collected from a sample of 200 building professionals using a questionnaire, while exploration of the country’s VM activities practice was completed using exploratory factor analysis (EFA), including descriptive statistics such as “frequency analysis” and ”measures of central tendencies”. The results show that VM awareness was demonstrated by 64% of the sample, which means that they know about VM. On the other hand, most respondents, 85.3%, did not adopt VM and did not receive any VM training. The results also show, through EFA, that the correlations between these activities show five main components: an information phase, a function phase, a creativity phase, an evaluation phase, and a development/presentation phase. This study will help building professionals to eliminate unwanted costs and enhance project sustainability by adopting VM in building projects in developing countries. Finally, the results of this study will enhance building management through the implementation of VM elements, with a view to ensuring value for money and meeting sustainability goals.
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1. Introduction


Building projects significantly influence culture, the environment and the economy over their whole life cycle. Buildings utilize more than 40% of universal power and energy and represent 30% of the total greenhouse gas (GHG) emissions in developed and developing nations [1]. Over 40% of Europe’s and the USA’s absolute power and energy is consumed via buildings [2,3]. In developing countries, the building field’s project sustainability is subservient. These countries have experienced rapid development; therefore, there is no doubt that the building industry provides a crucial role in providing basic living [4]. This field’s success indicators are measured by quality, cost, and time of construction projects [5]. The construction industry has experienced significant changes in meeting the developing countries’ commercial requirements and goals [6]. It has been reported that the majority of the financial procedures of developing countries are still in the process of up-gradation [7]. Building projects in these cultures are frequently faced with various challenges, including failure to meet the required targets, schedule delays, budget over-runs, and insufficient sustainability [8,9]. Additionally, efforts to study the social budget of building projects in urban residential fields are still inadequate [10]. Taken altogether, the construction industry does not fulfill the aspirations of their respective government, clients, and sustainability targets in developing nations unlike other sectors like banking and manufacturing [11].



Egypt is a developing country with one of the most extreme examples of hazard marketplaces due to joblessness and the low salary scale of the employed [12]. These problems are a result of currency fluctuations, an absence of occupational selections and restrictions in financing standards [13]. It is also one of the most populated countries in North Africa, with rapid population increases occurring from 1950 to 2020 [14]. It is reported that the projected population by 2020 will be more than five times that of the 1950 population, according to average estimates. Consequently, building project shortages and meeting sustainability requirements represent the most significant and rising challenges facing policymakers in Egypt [15]. This problem puts pressure on the government to meet the residents’ demands for adequate housing, with sufficient sustainability [16]. The building market is expected to grow due to population growth and urbanization, and between 2008 and 2013, the Egyptian population increased by 9% [15]. Moreover, rural urbanization between 2001 and 2012 has increased by 0.9% [15]. This has stressed the importance of and directed the improvement of “sustainable buildings” that are environmentally friendly and resource-efficient over their development procedures.



Brundtland et al. [17] defined sustainability as “achieving the needs of the current population without compromising future generations’ ability to satisfy their own needs”. Kibert [18] expressed sustainable construction as building a healthy ecosystem using ecological concepts, and with efficient use of resources. Sustainable construction has commonly been explained as a procedure that initiates before execution and continues after the practical completion of the construction project [19]. Wolstenholme et al. [20] agreed that the building industry should be modernized through implementing effective, integrated, novel, and sustainable building practices. Enhancing sustainability knowledge and understanding at the beginning of a building project is hugely recommended to control its course. Value management (VM) can integrate a sustainable approach at the initial and design stages of project procedures [21]. Society of American Value Engineers (SAVE) [22] recommended that VM is a mechanism that has been confirmed to improve the sustainable value of a project.



VM is a structured, function-oriented, systemic team approach to evaluate the functions, objectives, and costs of a process or facility to maximize its efficiency, by performing the necessary functions defined by customers at the least possible overall expense, coherent with performance criteria [23]. VM studies are frequently organized in the initial stages of a project to accomplish the greatest benefits and resource savings [24]. While costs are the essential objective of VM studies, VM is recognized as a cost-cutting method and a value-improvement technique [25]. The project’s budget should not be decreased at the expense of its sustainability and functionality purposes, which would then reduce its value [26]. VM targets to accomplish the anticipated value with lower prices, without compromising the building’s quality and performance [27]. VM adoption allows an in-depth evaluation of the objectives and expectations of projects from the customer or investor’s perception [28].



Although previous studies have discussed VM benefits, activities, and technological efficiency in several countries, no effort has been made to determine the effects of VM implementation in developing countries. VM methods have not received comparable coverage in the majority of developing countries, including Egypt [29]. It is vital to remember that there is a research gap in this area. There is no formal VM study for the purpose of VM implementation and awareness in Egypt [30]. Subsequently, the implementation of VM standards is vital, as the country experiences low environmentally sustainable projects [31]. Moreover, Egypt had planned to be a country with a prosperous, balanced, and competitive economy. By 2030, the Government of Egypt aims to make Egypt one of the best thirty nations in the world, through the application of various management approaches like VM [32]. As a result, there is a need for VM implementation in Egyptian construction projects [33]. It is was hypothesized that there is a concordance on the importance of VM activities in building projects. Therefore, this paper aims to evaluate the application of VM and explore its activities in building projects in developing countries. For this to happen, mixed-method research is proposed for the first time, to explore VM activities in the Egyptian construction industry. The results from this study will be useful to assist decision-makers in succeeding in their building projects by eliminating unwanted costs and enhancing sustainability by implementing VM. As such, the results could be a game-changer in building projects—not only in Egypt but also in developed nations where buildings projects are implemented through a similar style and procedure [34].




2. VM and the Sustainable Built Environment Industries in Previous Studies


The subject of sustainability has been stressed by existing studies [35]. Transforming strategic sustainability targets and strategies procedures for projects is a complicated procedure [36] and a balance is essential among the social, economic and environmental aspects of sustainability [35,37]. The emergence of sustainability in the building industry has led to a search for practical ways to infuse this concept into existing working environments [21]. The need for sustainable improvement and the innovative corporate social responsibility ethic implemented through companies are drivers that could also encourage the adoption of VM at the primary strategic phases of building projects [38]. VM is an organized and analytical procedure designed to improve value for money by delivering the required functions of projects at the least cost while also paying attention to sustainability requirements [39]. Contemporary viewpoints, however, indicate a more significant role for VM in the identification, explanation, and confirmation of customer expectations and priorities early in the procurement stage [40]. This view aligns VM typically to the project briefing phase [41], but it is not clear how these are understood by professionals in the built environment.



The VM practice focuses on organized workshops from 4-hours (half a day) to 5 days [42]. The modifications in VM workshop days can be affected by factors such as the VM scope (i.e., size and system of the project, the extent to be objective for VM), and the VM stages/phases to be adopted. The methodological approach differs, for example, the US value engineers society (SAVE), highlights a three-step methodology “pre-study, value study, and post-study”. The value study aims to implement six phases of the workshop, that is, information phase; function analysis phase; creative phase; evaluation phase; development phase; and presentation phase [22]. However, of these six phases, information, development, and presentation phases could be performed outside the workshop more efficiently and virtually [40]. While sustainability might not be regularly used in VM studies, sustainability dimensions such as a healthy indoor environment, minimization of waste, energy efficiency, aesthetic influences, user comfort, air and quality of water, and low life-cycle costs are regularly considered [43]. Sustainability thoughts can differ from one VM study to another because of the owners’ distinctive objectives, the obligation to construction and execution viewpoints, awareness of the VM team members, and time available for the study [43]. For instance, sustainability principles have been adopted in many UK developments as part of a value management study, such as a sustainable building project in Crianlarich, Startfilan [44]; sustainable residential buildings and services in Stirlingshire; and the Katrine Water Project at Loch Katrine, Scotland [45]. Hayles [46] highlighted that, by encouraging major clients to implement VM concepts, a sustainable procedure to building decision making could be achieved. Al-Yousefi [47] revealed many advantages of handling VM as a framework to encourage and launch sustainability ideologies, such as increasing the effective use of tools and resources, enhancing applications and operational maintenance. Kelly et al. [48] concluded that commitment of multi-disciplinary stakeholder members, organized and formal VM study, sustainable concepts adoption as project objectives and focus on project cost delivery encourages the combination of VM with sustainability. Therefore, adopting sustainability via VM is feasible and advisable [49].



In the past three decades, substantial work has been carried out in VM adoption in the construction industry. However, there is a lack of studies comparing VM’s current practice and application by the built environment stakeholders; especially in developing countries like Egypt. This study, therefore, explores this gap. The aim of this study therefore is to examine VM activities’ understanding and current practice in the built environment with a view to achieving sustainable delivery of building projects.




3. Research Methods


The aim of this research is to enhance the sustainable delivery of building projects in the Egyptian construction industry through the adoption of VM. However, this paper is part of bigger research aimed at examining the impact of VM on the overall success of construction projects. The paper explores necessary VM activities require for sustainable delivery of construction projects through EFA analysis. The study adopted exploratory sequential mixed-method research. A mixed-method study was adopted with a view to enhancing the findings of the study for appropriate discussion. [50]. It is confirmed that using mixed methods to explore the same issue will help discover many recurrent patterns or consistent correlations between variables. Figure 1, adopted from Buniya et al. [51], shows the research process for the study. The study commenced with a critical review of previous studies and then qualitative research was performed by interviewing fifteen specialists from the Egyptian construction industry to refine selected activities obtained through previous studies. Validity and reliability tests were thereafter carried out; findings were also discussed while various conclusions and recommendations were discussed. These items are explained in detail in the subsequent sections of the paper. For instance, Section 2 discusses relevant literature while Section 4.1 explains the qualitative aspect of the study where the questionnaire was adopted. The sections for each of the research process items are indicated in Figure 1.




4. Research Process


4.1. Qualitative Study (Semi-Structured Interview)


VM measurement instrument adopted for the study was drawn from several studies in the area of VM adoption and its activities in the construction industry. A qualitative approach through 15 semi-structured interviews was undertaken with industry specialists to understand the activities that may influence VM implementation in building projects through a purposive sampling approach. This approach allows researchers to achieve the research objectives and control the variation levels between interviewees [52]. Additionally, while 15 interviews can appear to be moderate samples, Mason [53] reports that the sample size is irrelevant in qualitative research because its value is based on data quality. Many studies agreed that from ten to sixteen interviews were considered adequate [33,54].



In light of the different positions played in building projects, the interviewees’ profiles indicated that they possess the required skills from the required organizations to contribute adequately to the study. Furthermore, as shown in Table 1, there is a fair representation of various individuals eligible to be members of the construction value management team. This implies that the interviewees possess the required knowledge and experience to provide meaningful and adequate information for the study [55]. This study adopted the abductive approach, a new approach currently becoming popular among modern researchers [56]. This technique uses previous studies to establish a theoretical basis from which a research methodology and analysis can be developed [57]. In other words, if issues can be described as a set of literature proposals, the definition of a framework is similar to the hypothetical deductive concept [56].



Data analysis is to test the framework, enrich it and possibly extend it [57]. In the current study, existing literature was used to develop theoretical frameworks (VM activities) to design new ideas and take advantage of the necessary operating principles to evaluate the existing concepts. The interviews that follow enrich the framework and extend it. More so, the abduction approach was followed so that the evidence and current theories could be re-examined and analyzed in a local context. Consequently, VM activities were modified and categorized.




4.2. Quantitative Study (Questionnaire Survey)


To validate VM’s categorizations and its activities obtained from the semi-structured interview, a pilot study was subsequently adopted before the main study, poised to examine the phases of VM and its activities using a questionnaire survey. This questionnaire survey helped to evaluate the following aspects: (1) Behaviors, opinions, and organizational norms, as well as (2) The link among various variables, primarily cause-and-effect relationships [58]. The questionnaire was subjected to a pilot test as suggested by Fellows and Liu [59] to check the questionnaire’s intelligibility, ease of response, and clearness as well as to determine the required time for the survey. The pilot study focused on the perceptions and involvement of developers, consultants, and clients in the delivery of construction projects.



4.2.1. Construct Validity Analysis


The Confirmatory Factor Analysis (CFA) and Exploratory Factor Analysis (EFA) techniques are normally used for factor analysis. In this study, CFA was used for evaluating the structure underlying the adopted variables with a view to properly test the proposed hypotheses. On the other hand, EFA was used to gather information about the relationship among variables and reduce the variables into a few underlying structures. It is one of the functions built into the Statistical Package for the Social Sciences (SPSS) [60].



In the current study, the main multivariate analysis method, that is, EFA, was employed to explore the primary constructs of VM phases after categorizing the same from the interviews. It was used to assess the constructs’ validity by evaluating the adequacy of the measurement items of individual constructs (i.e., measurement models) regarding their un-dimensionality, reliability, and validity. It is important to note that Principal Component Analysis (PCA) was selected over Principal Axis Factoring (PAF), image factoring, maximum probability, and alpha factoring since PCA is more accurate and less conceptually complex [61]. PCA is advocated when there is no prior theory or model and when preliminary solutions are found in EFA [60]. Thompson [62] reported that, in many statistical programs, PCA is the default form and is thus most widely used in EFA. The varimax rotation method was preferred over the direct oblimin or Promax because varimax’s rotation attempts to optimize load dispersion between variables. Varimax is also suitable for simple factor analysis and is an excellent general approach that simplifies the clarification of factors [63]. More so, the number of participants can be used as a representative sample within acceptable ranges [64]. The 21 variables as well as 200 participants used in the current study, are considered suitable for factor analysis. It is vital to highlight that the sample size and methodology adopted for this research is similar to the study by Kim et al. [65] with 100participants; Luvara and Mwemezi [66] with 231 participants; and Shen and Liu [67] with 200 participants.




4.2.2. Reliability Analysis


A research method’s validity and reliability are essential and must be taken into account to cover and ensure accurate results are obtained [68]. However, face and content validity are two traditional validity measures used to assess the extent to which the research instrument elements are significant and are reflective of a targeted research structure [69]. Twelve research experts from both the academic and the building sector were randomly chosen to validate the research instrument. According to Sushil and Verma [70], face validity is evaluated by having experts check the contents of the test to ensure that the items and questions are adequate. Furthermore, Cronbach’s α test was used to check the research instrument’s reliability.






5. Data Collection


5.1. Semi-Structured Interviews


The contributors were selected according to their years of practice, experience, education, and type of organization, as outlined in Table 1. Information in Table 1 also indicates that the respondents possess extensive knowledge of the construction industry.



Each interview lasted approximately 40–90 min and was recorded with the permission of the interviewee. The research followed a semi-structured interview method for the interviewees to stay concentrated and focused on VM activities [71]. The confirmation and checking procedures were undertaken between iterative interviews and data analysis [72]. This combined process is like the participation checks and validation as noted and adopted in the previous studies [71].



The interview method consisted of a variety of open questions in accordance with the study’s objectives. The instrument of the interview was divided into four sections, that is, background information about the experts, knowledge, application and implementation of VM in the organizations, VM activities in the construction and building projects, benefits of implementing VM in the construction industry and factors affecting the adoption of VM for project sustainability.



To analyze the interview transcripts, a content analysis technique was used. Transcription is considered the first step toward the descriptive process of the results in which the interview contents are recalled and transformed into text [73]. As a result, interviewed experts argued that a more formal system should guide the implementation of the VM in projects and categorized VM phases activities under five phases, as shown in Table 2. Moreover, several activities were modified, and three activities were added to the list, as indicated in Table 2. The updated and added activities were used to develop the questionnaire.




5.2. Questionnaire Survey


Following the interview with experts, a pilot study via EFA analysis was conducted to check the new constructs as obtained from the interview sessions, with a view to possibly modify the content and design of the main questionnaire.



For this research, a stratified sampling method of the three major building boundaries in Giza and Cairo was adopted. Sharma [74] approved that the significant benefits of stratified sampling are as follows: (1) decreasing the biases in the choosing of the sample cases, which indicates that the sample will have a highly representative description of the population under study; (2) allow simplification of samples to the population (i.e., statistical inferences), since the selected cases are chosen based on a probabilistic approach, and this is a significant benefit because the generalization appears externally valid; and (3) to ensure that enough sampling points are used to support the independent study of all strata. As a result, a pre-qualification analysis with the various organizations was performed through telephone calls. Over 280 companies were generated in the screening study, but only 215 companies agreed to participate. This test also reviewed positions, addresses, and assurances that the companies selected have reached their five-year survival level. The selected companies are with 9 to 250 staff, self-employed, non-foreign corporations and they were established between 1994 and 2010. This is to overcome any impact from the parent group’s international policy [75].



For the number of samples required for EFA analysis, there is no consensus among previous studies of a larger survey has been recommended [64,76]. Furthermore, the factor analysis is acceptable for 20–50 elements as factors are properly analyzed when the number of elements is within this number [77]. However, much literature has found that fewer variables may be studied if the sample size is large enough [29,78]. Consequently, in this study, 200 questionnaires were distributed but only 150 were returned filled and fit for analysis, this represents about 75%, which is well within acceptable level [64]. Some of the observations from the pilot study include improper use of dot lines, inaccurate counting of variables, spelling errors, and orthographic errors. Such views, observations, recommendations, and corrections were reported and included in the final draft of the final survey instruments.



The first section of the data collection was to collect demographic information of respondents and their projects. In the second section, VM adoption activities were rating using a 5-point Likert scale with one = very low, two = low, three = average four = high, and, five = very high as adopted in similar studies regarding the implementation of VM [79,80]. The activities identified from the literature review and the expert interviews are listed in Table 2. Finally, for the Egyptian building projects, 21 possible VM adoption activities were identified; hence, the questionnaire was validated on a face-to-face basis. The Cronbach α analysis was also used to evaluate the research tool’s reliability, following EFA’s generation.
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Table 2. Factors and associated literature.






Table 2. Factors and associated literature.





	
Group Names

	
Code

	
Activity Name

	
References






	
Information phase

	
VM.IP1

	
Carry out a site visit

	
[81]




	
VM.IP2

	
Collect related historical information on the proposed project

	
[82]




	
VM.IP3

	
Establish the time period and scope of the project

	
[81]




	
VM.IP4

	
Involve stakeholders in the initial stage of the project;

	
[83]




	
VM.IP5

	
Involve and allocate duties to construction specialists at the initial stage of the project;

	
[81]




	
VM.IP6

	
Clarify relevant details and limitations of the project

	
[82]




	
VM.IP7

	
Share project knowledge between professionals

	
[83]




	
VM.IP8

	
Identify the project’s high-cost areas

	
[84]




	
Function phase

	
VM.FP1

	
Make client express the scale and predictions of the project explicitly

	
[84]




	
VM.FP2

	
Presentation by stakeholders of project restrictions

	
[83]




	
VM.FP3

	
Express and understand the goals and roles of the project

	
[81]




	
VM.FP4

	
Create and identify functions with their related costs into essential and secondary objects

	
[82]




	
Evaluation phase

	
VM.EP1

	
Estimate the cost of each alternate life cycle

	
Interview




	
VM.EP2

	
Assess brainstormed alternatives to fulfill the desired functions

	
[84]




	
VM.EP3

	
Investigate the alternative assessment criterion

	
Interview




	
Creativity phase

	
VM.CP1

	
Brainstorm on solutions and concepts to accomplish the desired functions and costs.

	
[82]




	
VM.CP2

	
Categorize brainstormed session alternatives and suggestions into realistically appropriate to be adopted

	
[82]




	
VM.CP3

	
Defining the project procurement and contract strategy approach

	
[84]




	
Development/presentation phase

	
VM.DP1

	
Establish a short-term alternative action plan

	
[84]




	
VM.DP2

	
Meet and request a review of the action plan

	
[82]




	
VM.DP3

	
Track a VM output action plan

	
Interview











6. Results and Findings


6.1. Respondents’ Characteristics and Demographic Profiles


The authors classified the participants in this research based on their years of work experience, professionalism, present positions, level of education, and organizational function, as shown in Table 3. Regarding the profession of respondents, civil engineers accounted for the highest number (30.7%), followed by Architect (26.7%) while the least are Quantity Surveyors. Findings of the present position indicated that the Site Engineer had the maximum frequency (36.0%) followed by the Manager (30.0%), while the least frequency was observed for the director (6.0%). For the organization, 38% are from clients’ organizations followed by contractors and consultants. For respondent’s qualifications, 10.7%, 47.3%, and 23.3% are Bachelor, Master, and Ph.D. degree holders respectively. Table 3 also shows that around 18.7% of respondents had worked from one year to less than five years. Respondents with work experience ranging from 5 to 10 years, 11 to 15 years, and more than 25 years were approximately 16.0%, 27.3% and 15.3% respectively. This indicates that the participants in this study are experienced to provide the required information.




6.2. Level of Awareness and Implementation of VM in the Egyptian Construction Industry


This research examined participants’ understanding and awareness of the VM method implementation, as showed in Table 3. Observation of the result illustrates that 45.3% of respondents considered the perception of value management or value engineering as a concept while 44.0% of the respondents considered it as a profession. This finding is consistent with the finding of awareness of VM or value engineering where 62.7% of the respondents were familiar and 1.3% were totally familiar with the practice of VM. In general, the respondents had moderate VM awareness, with a knowledge level of 64.7%, slightly higher than the 50% average, which indicates an adequate awareness level between stakeholders. On the other hand, most of the respondents (about 85.3%) did not attend a VM workshop or received a formal VM workshop, 92.0% did not receive any VM training in respect to adopting and participating in VM workshops. This implies that these corporations did not adopt the VM. Most companies investigated reported that they do not use VM because of a variety of reasons like lack of cost and low level of awareness.




6.3. EFA for VM Implementation Activities


This study’s primary aim is to explore the VM activities in the building projects, and this was achieved through EFA analysis. However, the test of data normality is vital before launching the EFA study. In the current study, the normality of data was measured as an elementary assumption, and the results of the normality test for VM activities are shown in Table 4. Byrne [85] concluded that if the kurtosis result is between −7 to +7 and skewness results are between −2 to +2, the data are regarded as normal. As shown in Table 4, the skewness ranged from −1.51 to −0.68, and the kurtosis ranged from 0.05 to 1.66, which indicates that all variables are normally distributed.



EFA was used to evaluate the structure of the factor across twenty-one VM implementation activities. Many well-known constraints for the factorability of a connection were used. KMO was adopted to assess factor homogeneity and is popularly adopted to evaluate whether the variables’ partial correlations are minimum [86]. Table 5 illustrates that the sampling adequacy measure of KMO was 0.755, which is exceeding the suggested value of 0.6, and Bartlett’s Test of Sphericity was significant (x2 (210) = 1204.837, p < 0.05) [64,87,88].



The anti-image correlation matrix diagonals were just above 0.5 indicating that all the elements can be included in the factor analysis. Initial communalities were meant to assess the variance in every activity reflected by all components, and the slight values (<0.3) show variables that do not appropriately fit with the factor solution. Consequently, the results here show that every part of the initial communities exceeded the threshold, and all loadings were more than 0.5 as indicated in Table 6.



The findings of the EFA for VM activities resulted in only six factors with values greater than 1 for eigenvalues with a total variance of 68.03%. Findings from Varimax rotation demonstrated that 17.66% of the variance was explained by the first factor (information phase) and 13.18% of the variance by the second factor (function phase). The third component contained another subscale called the evaluation phase, which explained 11.04% of the variance, followed by component four (creativity phase), which explained 10.25% of the total variance. The fifth component, which relates to the development and presentation phase, was able to explain 9.75% of the total variance. It is important to note that just one item (VM.IP5) was eliminated. It was included as the last component and initially part of the information phase. Therefore, for this study, only five extraction components were found adequate. Pallant [87], therefore, proposed that the screen plot and matrix should be analyzed objectively to assess the components (factors) that are extracted and determined. A shift (or Elbow) in plot shape is detected when examining the screen plot, and only sections above this level are kept. Figure 2 further reveals that the six aspects are modified.




6.4. Reliability Analysis


For the factors extracted through EFA, the reliability statistics were determined. Table 7 indicates the results. The value of the Cronbach alpha becomes more acceptable as it tends towards 1.0 [89] Consequently as shown in Table 7, all VM activities have appropriate reliability since alpha Cronbach levels are greater than 0.6 [61].





7. Discussion


Building projects impact the economy, society, and the environment over their whole life cycles [90], hence the link with sustainability. To accomplish the building project sustainability, there is a need for techniques that provide a clear vision of the projects’ situation and realize other project objectives [10]. VM has been recognized as having the possibility to incorporate sustainability for building projects because it utilizes various knowledge resources, significant procedures, facilitated environment, strategic timing, and stakeholders and professional disciplines [49]. However, studies on the implementation of VM have focused on factors influencing the effective implementation of VM. Nevertheless, no study has measured or assessed the activities and elements that encourage the adoption of VM for sustainable building projects [91], particularly in Egypt.



7.1. Identify the Level of VM Awareness


Awareness of VM and its processing in construction projects significantly influence top management’s decision to implement VM. Implementing VM is a complex activity requiring numerous details from different parties, but knowledge of the process can help overcome implementation challenges. From this study, it is evident that 64% of the respondents have adequate knowledge of VM, which means that they have a moderate amount of knowledge regarding VM. This research is contrary to the observation of Khodeir and El Ghandour [15] that about 51.6% of their respondents have light-sized knowledge of VM. The reasons can be due to the difference between the findings of both studies. Khodeir and El Ghandour [15] only covered thirty-five participants, the current study examines the topic more widely by assessing building experts’ knowledge and collecting 150 questionnaires in the country’s two largest regions (Cairo and Giza). Therefore, the higher the number of people covered, the greater the chances of more professionals that are aware of the subject.




7.2. Factor Analysis Results


Five phases of VM in Egyptian building projects were extracted through EFA. The activities executed are extracted under information, function, creativity, evaluation, and development/presentation phases. This finding did not match with the study of Tanko et al. [92] which was carried out in the Nigerian construction industry. Their findings show that the VM is extracted under three phases, that is, information/function phase, creativity/evaluation and development/presentation phase. These findings necessitate a need to enhance the application of VM in developing countries since the professionals in those countries did not consider VM phases according to VM standard generated by SAVE [22]. The extracted phases in this research are hereby discussed:



7.2.1. Information Phase


The first principal component is the information phase, which contains seven items, and accounts for 17.66% of the variance explained. This includes activities such as clarify project background information and constraints (0.769), involving clients and stakeholders at the early phase of the project (0.764), site visitation (0.732), share project information between stakeholders and professionals, identify high-cost areas of the project (0.699), involving and assigning duties to construction professionals at the early phase of the project (0.672), defining the time frame and scope of the project (0.612), collecting related background information on the suggested project (0.600). It is crucial for the exercise of VM that the information phase supports and embraces the adoption of VM. Every VM analysis consists of three types of contributors: decision-makers (owners or owners’ representatives), VM team leader (facilitators), and team members [93]. At this stage of the workshop, information sharing is vital, and clients and end-users should obviously and explicitly state the scope, aims, requirements, and anticipations of their planned projects. The responsibility played by every member can provide positively towards the improvement of sustainability [94]. Methods for procurement, duration of projects, environment, and performance are also set out here by these participants. Furthermore, numerous green alternatives were combined into the early design phase in the information phase [49], and clients are expected to inform their objectives. Leung and Liu [95] reported that project objectives influence the VM participants’ behavior and the outcome. Additionally, the VM team leader holds a strategic plan to enhance sustainability knowledge and awareness [96]. Communication among clients and VM facilitators increases the chance to motivate owners to commit to sustainability [94].



Consequently, details and information on the context, design, projected costs, and limitations of the project are provided [97]. An inquiry by Mohamad Ramly and Shen [84] revealed that, at this point, construction workers, such as the facilitator’s team, provided essential information on their fields. However, different participants may also have identified limitations to their project [98].




7.2.2. Function Phase


The second principal component, which is the function phase comprised four items and accounted for 13.178% of the variance explained. It includes activities such as presenting project restrictions and limitations to stakeholders (0.849), creating and classifying functions/items as basic and secondary items with their associated costs (0.812), expressing and understanding the aims and functions of the project (0.802), making the client express clearly the scope and anticipations of the project (0.710). It is important to note that the most critical part of this phase is a logical approach that defines and fulfills the criteria, needs, aims, and anticipated goals of the undertaking. Moreover, four variables for the function phase, namely, mission, space, elements, and shape, will be investigated [99]. Regarding the task, the phase is concentrated on how the sponsor, owner, client, and other main parties to the project primarily view or distinguish a particular task [100]. This step aims to create, identify, and categorize primary and secondary functions [84]. Team members are encouraged during this phase to write down the buildings’ functions, which can still be applicable for the next 50 years [90]. The basic and secondary functions with their associated costs are defined and categorized in this way in order to comprehend the sustainable aspects of the project. In the hierarchical function structure known as the functional tree diagram, project functions are defined, analyzed, and the main objective of the process is to recognize the project through the project functions [82]. Furthermore, through this diagram, the critical building objectives and functions established by the owner have been involved in this stage, and the sustainability of the building might itself be an essential aim and function [90]. Sustainability dimensions would be an essential element of the project’s aims and functions [49]. Additionally, the study demonstrated that the dimensions of sustainability, such as user comfort, environmental influence and impact, accessibility, society, and life cycle costs, are integrated in the VM decision matrix [42].




7.2.3. Evaluation Phase


The third principal component is the phase of evaluation, which consists of three items, and accounts for 10.253% of the variance explained. It consists of activities such as estimating the total life-cycle cost of each alternative (0.815), investigating the criteria for assessing alternatives (0.778), and evaluating brainstormed alternatives to achieve the desired functions/elements (0.765). Therefore, the VM team must be interdisciplinary in assessing all alternatives during this VM workshop phase to achieve the project’s sustainable objective. At this stage, the proposals made are analyzed and evaluated for each of the suggestions and ideas identified in the previous stage (creative stage). A review, assessment, and short-listing are carried out at this stage and to examine less promising ideas, it is necessary to assess each idea against functional requirements [101]. This is supported by the conclusion of Mohamad Ramly and Shen [84] that further testing of proposals and suggestions is best performed to determine how to achieve the project’s desired goals and sustainable objectives.




7.2.4. Creativity Phase


The fourth principal component is the creativity phase. It consists of three items and accounts for 11.041% of the total variance. It includes: creating brainstorm alternatives and ideas to achieve the desired functions/elements and related costs (0.801); description of the procurement and contract strategy of the project (0.811) and categorizing the alternatives from the brainstormed session as feasible to be adopted (0.797). It could be noted that ideas are produced and created during the creative stage to fulfill the necessary and preferred functions of a practical tree structure. The members of the VM Workshop team investigate, explore, generates, and tests alternative methods and ways in which tasks are performed throughout these processes [102]. Innovative approaches and techniques, including brainstorming, Synectic, and side thinking, are being applied at this level. The VM facilitator must create a positive environment by ensuring that criticism and repression among VM team members are not possible. Through the creativity phase, the team member can have an excellent opportunity to achieve their objective by enhancing innovation ideas. Innovation is one of the highest drivers that could be sustained by the practical approach to improve resource [103]. Moreover, economic and investment sustainability must not be disconnected from community and environmental sustainability in recommending alternatives, solutions, and ideas [90].




7.2.5. Development and Presentation Phase


The final primary component, which comprises three items is the development and presentation phase. It is not surprising that the major activity of the phase as obtained from the EFA analysis is that Egypt’s professionals did not comply with the VM standards. This combined phase represents 9.748% of the variance explained. It includes activities such as the generate an action plan on short-listed alternatives (0.811), the follow-up of an action plan on VM output (0.786), and the holding and presentation of an action plan review meeting (0.783), The members of the VM team are responsible for generating short-listed proposals and suggestions. The team preparations, manufacturers, and producers are sketches, descriptions/materials, drawings, specifications, and details as structured VM proposals. Each brief concept is regarded as a feasible, practical, and realistic solution. This step deals with all the drawbacks, benefits, and potential of the concepts and ideas in the guidelines, estimates, and cost of life-cycles measurements. Moreover, at this point, the strategic plan involves each part or function of the development phase. The finding is supported by Oke and Aigbavboa [100] where the development phase was noted to be a crucial step of the VM study and that consideration should be given to ensure that the development and presentation phases are carefully investigated and considered. On the other hand, some authors recommended presentation as the last step of VM. However, this phase’s purpose is to send these suggestions to the body that authorized the study as a way of minimalist-feedback [100].





7.3. VM Activities Implementation for Building Sustainable Success


Recent building developments have brought more effective and sustainable methods, specialized techniques, and materials [104]. Building direction in the construction industry requires substantial and sustainable development [105]. However, measuring sustainability and performance during usage is becoming increasingly relevant [106]. The strategies to incorporate the concept of sustainable development must be established [107]. Moreover, VM can perform an effective method for achieving building sustainability. This study evaluated VM activities through EFA analysis to suggest VM implementation activities and stages, which can lead to sustainable delivery of building projects. VM study allowed sustainability principles to be included in the conceptual and initial design phases [38]. Through VM study, alternatives are anticipated to promote a healthy and safe ecosystem for the residents [108]. Additionally, VM offers multidisciplinary professionals’ chances to focus on issues and matters regarding community, society and the environment [33,90] and effectively enhance sustainability concepts during the life cycle of building projects [90]. The conventional way of considering project success is the so-called iron-triangle of time, cost, and quality, which are frequently reviled in the late decades [109]. Thus, by implementing VM, building companies can balance time, expense, and quality as VM reduces costs, but not at the sacrifice of benefits [110]. Kelly and Male [111] suggested that time measured within the sustainable value system is part of the project’s success, and VM can achieve the optimum project time. For instance, in the roadway field, Atabay and Galipogullari [112] used VM as a sustainable tool for saving around 12 months of project time. These results figures amount to 6% of the total budget and 17% of the schedule. Not surprising that, in the marine construction field, Tang and Bittner [113] confirmed that VM uses as a useful technique for improving the quality. Moreover, cost and financial sustainability can be targeted in building projects by adopting VM. Lin et al. [114] said that VM is commonly used as a supportive method to address challenges, such as limited financial resources and strict planning in the building industry, as financial analysis represents the primary method for evaluating a company’s sustainable improvement and value creation [115]. VM provides sustainability to be included in a construction project [21,116]. In the sustainability sense of construction firms, it was found that they face several obstacles as they mature and have a positive social, environmental and economic impact [117]. These firms should also search for swift and new means of sustaining customer confidence [107]. The proposed VM activities give these companies practitioners the opportunity to take a good decision for achieving their company’s success. These decisions are able to have a long-term effect on corporate practices [118]. Moreover, VM activities could be applied to the extent of traditional capital, operating costs, and the project’s duration to expose customer value systems. These companies can only pay attention to sustainability aspects if the value created exceeds the damage caused [119]. Achievements of success by enterprises and their competence to enhance company value over a long time depend on having an effective business model [120], and this model can be achieved through the adoption of VM activities.





8. Conclusions


Construction projects, especially in developing countries like Egypt, are characterized by low quality and are not delivered in accordance with sustainable principles. This research showed that VM is a vital option to address this threat. It was hypothesized that the VM activities implementation is crucial for building professionals to achieve their sustainable goals. To examine this hypothesis, mixed methods research was conducted through a semi-structured interview of fifteen experts and a questionnaire survey. The study collectively deduced that the level of implementation of VM in building projects is relatively poor. The study also showed that building participants in Egypt have reasonable awareness (67.7 percent), and the majority of participants viewed VM as a concept. This indicates that the challenge of VM in the Egyptian construction industry is not of awareness but that of adoption. From the questionnaire analysis through EFA, the study shows that information; function, creativity, evaluation, and development/presentation phases are classified as five phases of VM adoption in Egyptian building projects The study investigated the new activities generated by the experts through the adoption of a semi-structured interview, which was not mentioned in the previous studies. These include estimating total life-cycle costs for each alternative, research evaluation criteria for alternatives and follow up an action plan for VM output. The EFA analysis also leads to the removal of one activity, that is, involve and assign responsibilities to construction professionals at the initial stage of the project. To this end, VM activities are essential for the sustainable delivery of building projects. The study results can guide policymakers and top managers in building projects to systematically understand the relative importance of VM activities and efficient subsequent implementation. Furthermore, the study can support developing countries to consider VM implementation for achieving their overall sustainable success.
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Figure 1. Research flowchart. 
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Figure 2. Scree plot result for VM activities components. 
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Table 1. Semi-structured interviewees’ profile.
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	No.
	Position
	Education
	Experience
	Subdivision
	Organization





	1
	Director
	Ph.D.
	30
	Private
	Contractor



	2
	Project manager/Professor
	Ph.D.
	28
	Government
	Owner



	3
	Senior Quantity surveyor
	M.Sc.
	20
	Government
	Contractor



	4
	Senior director
	B.Sc.
	24
	Private
	Owner



	5
	Principle Consultant/Professor
	Ph.D.
	40
	Independent Consultant
	Consultant



	6
	Senior project manager/Associate Professor
	Ph.D.
	30
	Independent Consultant
	Consultant



	7
	President/Professor
	Ph.D.
	35
	Independent Consultant
	Consultant



	8
	Architect
	M.Sc.
	15
	Government
	Owner



	9
	Civil engineer/Associate Professor
	Ph.D.
	28
	Independent Consultant
	Consultant



	10
	Civil engineer
	M.Sc.
	12
	Independent Consultant
	Consultant



	11
	Quantity surveyor
	B.Sc.
	9
	Private
	Owner



	12
	Associate Principle
	M.Sc.
	25
	Independent Consultant
	Consultant



	13
	Architect/Associate Professor
	Ph.D.
	22
	Private sector
	Contractor



	14
	Cost manager
	M.Sc.
	15
	Private
	Contractor



	15
	Civil engineer
	B.Sc.
	10
	Government
	Owner
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Table 3. Demographic characteristic frequency distribution.






Table 3. Demographic characteristic frequency distribution.





	
Variable

	
Characteristics

	
Number of Respondents

	
(%)






	
Work experience (Years)

	
Less than five

	
28

	
18.7




	
5–10

	
24

	
16.0




	
11–15

	
41

	
27.3




	
16–25

	
34

	
22.7




	
More than 25

	
23

	
15.3




	
Professional field

	
Architect

	
40

	
26.7




	
Civil Engineer

	
46

	
30.7




	
Electrical Engineer

	
28

	
18.7




	
Mechanical Engineer

	
24

	
16.0




	
Quantity surveying

	
12

	
8.0




	
Current position

	
Director

	
9

	
6.0




	
Senior Manager

	
14

	
9.3




	
Manager

	
45

	
30.0




	
Design Engineer

	
28

	
18.7




	
Site Engineer

	
54

	
36.0




	
Educational level

	
Diploma

	
9

	
6.0




	
Bachelor’s degree

	
16

	
10.7




	
M.Sc.

	
71

	
47.3




	
Ph.D.

	
35

	
23.3




	
Others

	
28

	
18.7




	
Organization function

	
Client

	
57

	
38.0




	
Consultant

	
43

	
28.7




	
Contractor

	
50

	
33.3




	
VM workshop adopting and attending

	
Yes

	
22

	
14.7




	
No

	
128

	
85.3




	
Formal training on VM

	
Yes

	
12

	
8.0




	
No

	
138

	
92.0




	
Awareness

	
Totally Familiar

	
2

	
1.3




	
Familiar

	
94

	
62.7




	
Moderately familiar

	
28

	
18.7




	
Not familiar

	
10

	
6.7




	
Perception

	
Technique

	
16

	
10.7




	
A concept

	
68

	
45.3




	
A profession

	
66

	
44.0
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Table 4. Result of Normality Test.






Table 4. Result of Normality Test.





	Variable
	Skewness
	Std. Error
	Kurtosis
	Std. Error





	Information phase
	−1.51
	0.17
	1.66
	0.33



	Function phase
	−1.15
	0.17
	0.76
	0.33



	Evaluation phase
	−0.86
	0.17
	0.36
	0.33



	Creativity phase
	−0.90
	0.17
	0.19
	0.33



	Development and presentation phase
	−0.68
	0.17
	0.05
	0.33
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Table 5. Kaiser–Meyer–Olkin (KMO) and Bartlett’s test result related to value management (VM) activities.
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KMO and Bartlett’s Test




	
Kaiser–Meyer–Olkin Measure of Sampling Adequacy

	
0.755






	
Bartlett’s Test of Sphericity

	
Approx. Chi-Square

	
1254.261




	
Df

	
210




	
Sig.

	
0.000
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Table 6. Communalities of VM activities.
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	Item
	Communalities
	Item
	Communalities





	VM.IP1
	0.626
	VM.FP4
	0.731



	VM.IP2
	0.700
	VM.EP1
	0.728



	VM.IP3
	0.416
	VM.EP2
	0.698



	VM.IP4
	0.669
	VM.EP3
	0.758



	VM.IP5
	0.790
	VM.CP1
	0.694



	VM.IP6
	0.630
	VM.CP2
	0.714



	VM.IP7
	0.647
	VM.CP3
	0.763



	VM.IP8
	0.483
	VM.DP1
	0.698



	VM.FP1
	0.670
	VM.DP2
	0.660



	VM.FP2
	0.768
	VM.DP3
	0.715



	VM.FP3
	0.723
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Table 7. Reliability statistics for extracted factors (Cronbach’s alpha).
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	Factor (VM Phases)
	No. of Variables
	Cronbach’s Alpha





	Information Phase
	7
	0.827



	Function Phase
	4
	0.835



	Creativity Phase
	3
	0.771



	Evaluation Phase
	3
	0.799



	Development and Presentation Phases
	3
	0.620
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