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Abstract

:

The quality performance of a green building will have an overarching effect on its objectives because of the high compliance needed to achieve superior performance expectations. Achieving sustainability objectives is challenging and requires the collaboration of diverse professionals that resume unique responsibilities. In this study, the different managerial practitioners involved in green-building projects were investigated in terms of their awareness levels regarding the quality performance measures, their perceived abilities to influence quality failure consequences, the degree to which the cost-of-quality (CoQ) of components can be evaluated, and the effect the sustainability traits have on the quality performance. Accordingly, a survey approach was adopted, and the results were analyzed using Pearson’s chi-squared (χ2) test, the relative importance index (RII), Mann–Whitney U-Test, and Student’s T-test. According to the results, the priorities of the different managerial types and their overall impressions of cost computability were different, which needs to be considered when CoQ evaluations are done based on practitioners’ views. In addition, the sustainability traits of green buildings impact achieving quality metrics with the consequences of design rework occurring in the construction stage may lead to denouncing sustainability traits. The results of this research study reveal the need to consider the differences between managerial types when evaluating CoQ for projects and the increased sensitivity for such evaluation in a green building context. The paper contributes to underscoring the important connection between quality performance and sustainability traits of a green building project and calls for researchers to formulate methods with more rigor to reach a set structure for quality cost accounting as an industry standard. Intricate evaluation methods will enable strategic decision making on quality performance budgets to be more substantiated.
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1. Introduction


Green buildings typically have three fundamental goals: minimizing environmental impact, improving the health and wellbeing of occupants, and providing a return on investment to the clients and stakeholders under a life cycle approach. The extent to which a green building meets its performance expectations during operation depends on the effectiveness of the design and construction phases. Quality performance is a domain that measures the extent a building conforms to its specifications. The construction industry uses the cost-of-quality (CoQ) method to evaluate the optimal costs incurred when the quality performance requirements are achieved as such optimal costs may be associated with cost-overruns faced in green-building projects. Studies have already undergone assessing economic incentives to reignite the traction towards implementing green buildings in the market and underlined how cost-elastic developers are to implementing green buildings [1,2]. The compliance to quality performance can reveal indications on how to be more cost efficient in adhering to compliance requirements. Green buildings inherently face greater complex design iterations, more rigorous simulations and analyses, and greater demands on the construction codes [3]. In addition, green buildings undergo advanced commissioning which is a quality process commencing from design, continuing into construction and a one year minimum of operation which documents and verifies that all the building systems are interactively performing to meet the design intent and owner’s expectations [4]. The expectations in a green building are more elevated as there are energy and water saving requirements, improved indoor environmental quality and compliance for environmentally conscious material selection and waste reduction. However, several authors pointed out green buildings did not meet the energy and water savings performances in the operational phases [5,6,7,8], nor on indoor environmental quality in actually promoting the building end-users’ well-being [9,10]. Furthermore, the green building rating systems had a slight impact on tackling construction waste management as a result of weak appraisal measures [11].



The United States Green Building Council (USGBC) attributed the poor construction practices and improper commissioning as part of the reasons for green buildings to underperform from what they were designed for [12]. The significance of the research is to underscore the role of quality performance has on green buildings and reveal the status quo based on managerial perspectives on their perceptions on quality performance and its implications on the green building delivery.



1.1. Quality Performance in Construction Industry


Reeves and Bednar (1994) investigated how quality in industry was defined, and deduced the dimensions of the following: value (i.e., a product’s intrinsic worth to end-users reflected in the selling price); conformance to requirements and specifications (i.e., the extent to which a product meets the design specifications); meeting and/or exceeding customer expectations (i.e., the perspective of the end-user on the judgment of a product); and fitness for use and loss avoidance (i.e., suitability of the product to the end-user’s purpose, minimizing contingencies to achieve such fitness) [13]. This corroborates the assertion made by Juran et al. (1974) that it should not be assumed that customer needs have been merged with specifications [14]. They further argued that despite having a product with good quality features and greater cost investments, the process of overcoming defects leading to rework could prevent financial repercussions caused by such effects [14]. Love and Edwards (2004) examined the definition of construction rework and defined it as any “unnecessary effort of re-doing a process or activity that was incorrectly implemented the first time”, which should be rectified [15]. The implications of rework include cost overruns between 1% and 20% of the project’s original value, schedule delays, productivity losses, reduced profitability, more safety incidents, and reputational damages [16,17,18]. Poor quality of the building as an end-product can cause proneness to building dilapidation with deteriorating conditions even expanding towards energy and water inefficiencies and potential health hazards [19,20]. Post-occupancy evaluation surveys have indicated that green certified buildings are prone to be less sustainable over time with reduced energy and water savings [21]. Building codes have reacted to the poor quality through reinforcing more stringent efficiency measures such as thicker building envelopes [22], but without addressing the actual quality performance in the building process.




1.2. Measuring Quality


The cost-of-quality (CoQ) provides a quantitative analysis of expenses incurred by companies for achieving a quality that meets stakeholder requirements at optimal costs. The evaluation of the conformance cost (i.e., proactive-based cost of preventing poor quality) and non-conformance cost (i.e., reactive-based costs of rectifying poor product quality) enable leaders to determine the costs necessary to achieve the desired quality. The CoQ enables quantifying the quality performance; it is used by organizations to optimize costs and determine the activities required to enhance quality. Moreover, the CoQ aligns areas requiring further improvement and justifies quality strategies financially. Several studies have used the CoQ to evaluate construction projects with the Prevention–Appraisal–Failure (PAF) model [23,24,25]. The PAF model operates on the premise that investments in prevention and appraisal activities have a cascading effect on the failure costs.




1.3. Objectives


A typical green-building project involves several managerial domains, and each domain has a unique role that requires collaboration and teamwork to meet the green-building objectives. It is argued that the effectiveness of quality delivery depends on the interactions between different managerial domains and on the degree of harmonization of the managerial objectives. The review of literature conducted in this study highlighted the importance of quality performance and how it is measured in regular buildings. Green buildings have elevated performance expectations that need to be adhered to and requires an integrated approach between the teams in its delivery process [26,27]. There are greater design and construction complexities that must be fulfilled and any compromise in quality can have the potential to jeopardize achieving the sustainability requirements [28,29]. There is, however, limited research work done investigating the green building practice from a quality performance perspective and its implications on achieving a sustainability level expectation that was covered in the design [30]. To tackle this research gap, a questionnaire-based approach was used to capture the perspectives of managerial practitioners in green buildings to achieve the following objectives: (1) Determine the differences in perception and behaviors of managerial types towards quality performance; (2) investigate the relationship between quality performance and green building sustainability characteristics. For the first objective, the research will determine their awareness of quality performance, their prioritization of quality failure consequences, and their perceived abilities to influence them, the degree to which preventative, appraisal, and rework actions can be evaluated based on costs. The second objective considers the correlation of quality performance key performance indicators (KPIs) are embedded in sustainability characteristics of a green building project. The rationale behind the research objectives is from the challenge of cost and schedule overruns reported on green buildings, that was reported in several studies [30,31,32,33,34,35], may lead to hastiness in delivery as the project progresses and ultimately cause quality tradeoffs to happen similar to regular buildings [36]. This may extend into sustainability goals being sidestepped as part of the quality tradeoff. Therefore, a study which captures managerial perspectives on quality performance in a green building context will discern such vulnerabilities on how resolute quality performance is adhered to. The managerial practitioners chosen for the study were managers involved in green-building construction and operation. The diversity of stakeholders (client representatives, consultants, and contractors) were represented.





2. Methodology


First-hand information was collected from many managerial practitioners from the construction industry. To ensure objectivity and the standardization of the engagement, a closed, structured, and numerical questionnaire survey was conducted [37]. Figure 1 shows the survey distribution process similar to what was done by Issa (2010) [38].



2.1. Questionnaire Design


The authors first determined the management population involved in green-building projects. Therefore, green-building practitioners in Qatar were interviewed to determine the main managerial roles. Accurate descriptions of the project roles were obtained from sustainability and quality management plans. Table 1 shows the different types of managers, their roles, and questions asked to each managerial type (some questions were repeated to different managerial types for comparison). The questionnaire framework (see supplementary material) starts with an explanation of the survey objectives, thereby specifying why the participant was chosen and declaring that there are no risks involved in participating and assuring confidentiality. The second part includes questions characterizing manager respondent demographics in terms of years of experience, geographical location, project lifecycle phase, level of education, and representative firms. The third part of the questionnaire is tailored to each management domain; up to a maximum of 10 questions with specific topics were prepared to determine manager awareness of quality control and assurance, and to determine how they rank their perception of various quality failure consequences. In addition, questions for the third objective were prepared to determine whether elements in the CoQ model are easily deducible or feasible regarding the cost evaluations. Finally, the correlations between sustainability and quality were assessed as a part of the forth objective by determining the current sustainability traits embedded in the quality key performance indicators (KPIs), the consequence of non-compliance of sustainability traits in the rework type, and the degree of integration among teams for formulating the commissioning scope. The questions formulated for each of the managerial types are based on their roles and responsibilities, and the KPIs reflect the green-building projects’ quality and sustainability plans and PAF quality activities deduced from literature [5,7,10,17,23]. Table 2 lists the sources of the different quality failure consequence types.




2.2. Questionnaire Distribution Process


The potential respondents were chosen using a purposive sampling approach to determine the participants who have the reputation of being involved in green-building projects and would be interested in being involved in research studies [48,49]. Ling and Gui (2009) indicated that professionals and managers in the construction industry exhibit a general reluctance regarding participation in research and recommended this method to mitigate this problem [50]. Local green-building councils and professional engineering institutions were approached and briefed on the research objectives to provide suitable contacts, and the potential interviewee was informed beforehand about the recommendation. Furthermore, the researchers visited governmental institutions that were client stakeholders of green-building projects and who were asked to contact consultants and contractors of the project. The selection criteria for the participants are: (1) they have a green certification accreditation; (2) they are currently or have worked in a green building project; (3) they are working for major construction organizations including owner representatives, consultants, and main contractors.



Subsequently, the survey was sent to the practitioners with SurveyMonkey and an introductory email and certification from the institutional review board. The total of 120 respondents were approached from which a turnover of 96 responses attained with 64 completed responses. Demographics of the respondents in terms of managerial type, entity representing, green building project type involved in are shown in the Section 3.




2.3. Questionnaire Reliability and Validity


A preliminary survey was presented to 2 professionals of almost 15 years of quality management experience in green buildings to appraise the questions on ranking of quality consequences and the quality activities chosen (Q20–29 which were repeated also for Construction Managers, Facility Managers, and Project Managers). The professionals agreed on the questions mentioned and added two more items for measuring complexity level in costing quality activities: “Power surges affecting building management system from software glitches causing the water systems’ cistern malfunction” and “6 month chemical and bacterial tests for drinking water supplies”. In addition, an application to the Institutional Review Board (IRB) was submitted to ensure that the questions in the survey comply with the local codes of conduct and ethics as well as ensuring the respondents’ profiles and companies remained confidential.



Statistical techniques were used to ensure reliability and validity of the questionnaire results collected in the study. Reliability tests such as Cronbach’s Alpha (α) were used to test the internal consistency of the Likert measures for the complexity of measuring the cost of quality activities and correlations were determined using Pearson’s chi-squared (Χ2) tests and Student’s T-tests. Finally, Mann–Whitney U-test was done as an extra verification for the results on Section 3.2.





3. Results


The different managerial types are shown in Figure 2. The SMs were the most responsive, probably owing to their apparent dedication to sustainability and the green-building delivery process.



Figure 3 analyzes the firms, thereby presenting 32% contractor representation, 30% client representation, and 33% consultant representation. The years of experience of the managers vary, as shown in in Figure 4. This clearly indicates the relative newness of the green-building industry, given the significant proportion of fewer years of green-building experience compared to that of conventional-project experience. The portfolio of green-building projects in Figure 5 presents predominantly commercial (30%) and sports complexes (22%) projects. The remaining 48% are residential, schools/universities, healthcare, and offices.



3.1. Awareness of Quality Control and Assurance


Quality control and assurance are two important mechanisms in quality performance domain and are distinguished based on the stakeholder party role covering for the mechanisms (quality assurance by the owner representative and quality control by the design or construction professional). To determine the respondents’ awareness of the quality assurance and quality control (QA/QC), the respondents were asked to match the QA/QC to its correct definition [51]. Figure 6 depicts the overall rate of correct responses across the various managerial types with respect to the total number of respondents with rates of 50–53% of correct definitions:



Pearson’s chi-squared (Χ2) test was conducted to determine whether the managerial type influenced the correct answer response rate of the QA/QC definitions with a null hypothesis that there was no difference between the various managerial types’ awareness on quality assurance and control definitions. There was a statistically weak evidence against the null hypothesis of difference in managerial types (p-value of 0.977 at 5% significance). Thus, there was no predominant managerial group with better awareness on the responsible stakeholder for quality control and quality assurance.




3.2. Ranking of Quality Consequences


Seyis et al. (2016) reported defects, revisions, and rework to be the main waste types during the design and construction stages [52]. Based on this premise and interviews with managerial practitioners in the pilot study stage, eight quality failure consequences were inferred (Figure 7).



The three managerial types targeted for this question were the PMs, CMs, and QMs. The respondents were asked to rank the seven consequences of quality identified in literature based on their managerial purviews. Rank 1 represents the top consequence, which their managerial periphery influenced, and Rank 7 represents the least consequence.



The relative importance index (RII) was used to rank the consequences on a range of 0–1 with Equation (1):


  RII = ∑    W i    A × N   ,  



(1)




where Wi is the weighted sum. The equation depends on an opposing scale of ranks, therefore the interpretation was done in reverse order. Table 3 shows the results.



The QMs ranked Cost Overruns in Rectifying Mistakes, Reputation Loss, and Schedule Delays as the top-three consequences on which they had an influence, whereas the PMs ranked Cost Overruns in Rectifying Mistakes, Schedule Delays, and Reputation loss as the top-three consequences on which they had an influence upon. The CMs ranked Schedule Delays, Material Loss, and Labor Productivity Loss as the top-three consequences on which they had an influence.



The factor of schedule delays was ranked lower by QMs because they establish hold points that halt subsequent construction phases and conduct verifications to check that a certain construction task follows the standards. However, Labor Productivity Loss linked to CMs in their perception of their influence on the Labor Productivity Loss quality consequence. One QM highlighted the impact of executing rework; in his or her experience, non-conformance had undermined labor’s morale because the executed work was ultimately aborted. Although, studies have indicated that Overtime and Labor Productivity were inversely correlated [58,59,62], PMs and CMs did not consider Overtime as important as Labor Productivity, which may be significantly influenced by their responsibilities for upholding the consequences of delays. Moreover, Liquidated Damages was expected to be highly ranked which was not the case. This may be because of the current lack of legislations present for green buildings that other countries (such as the United States) has for their green certifications [63]. Legislation measures can include a performance bond to ensure the building operates as per what it was designed for.



The QMs considered that Reputation Loss had a higher priority, because it was embedded in their work philosophy based on the consequences on the perceived integrity of their firm. The CMs did not perceive Reputation Loss as more important than the QMs and PMs because of their perception that their purview had a stronger influence on overcoming consequences of work completion and cost overruns when rectifying mistakes. This may be attributed to the CMs’ greater technical competence regarding the use of construction knowledge and practices during execution to achieve the overall objectives. In addition, it may be attributed to value engineering (i.e., achieving a functional performance at a lower cost), which is required to overcome cost and schedule challenges.



An unexpected result was the low ranking for Material Losses as a consequence that the PMs and QMs could influence. Green buildings produce less construction and demolition waste because of the construction waste management plans implemented [64,65]. Thus, it was expected that managers would rank Material Loss higher. Formoso et al. (2002) argued that managerial improvements were instrumental for reducing waste, particularly during the early stages of modular design coordination and integration of building systems [56]. Moreover, Formoso et al. (2002) reported that component specifications must be sufficiently detailed to support the efficacy of the procured materials and proposed that if “Construction Waste Management” was considered as a KPI in the same way as the cost and schedule, more construction and demotion waste reduction could be value-engineered by the CMs [56].



Tam et al. (2005) championed prefabrication as a construction method to reduce material waste [66]. However, a CM mentioned that they worked in a green prefabricated building project with no waste control. The building components were premanufactured overseas, and the QA/QC were controlled at a different geographic location. In addition, the CM explained that the dimensions of certain types of steel chassis were incorrect and no longer feasible. If the fabrication company had preassembled a built facility, there would be negligible losses. The inadequacies and inaccuracies of building information communicated between fabrication plants and building sites were driving factors for Zhong et al. (2017) to leverage the communication technology (i.e., Internet of Things) to streamline collaborations and promote synergy between geographically separated locations [67].



In this study, the results were analyzed with the Mann–Whitney U-test to determine whether the different managerial groups possessed different ranking perceptions. The test was a nonparametric statistical test applicable to ordinal data; no normal distribution was assumed, and the sample group sizes could be different [68]. Three groups were identified: QMs, PMs, and CMs, which resulted in a total of six tests per group combination similar to a method adopted in [69] and is based on the following two hypotheses:



H0: 

Null hypothesis: there is no difference between the groups; thus, they possess the same mean (H0: PM = CM = QM).





H1: 

Alternate hypothesis: there is a difference between the groups; thus, there exists three different means (H1: PM ≠ CM ≠ QM).





Table 4 presents the p-value results with those below 0.05 indicate the rejection of the null hypothesis. All consequences of Test 2 (PMs and QMs) exhibited significant statistical differences in the rankings, whereas those of Test 1 (PMs and CMs) and Test 3 (QMs and CMs) exhibited significance for Liquidated Damages, Schedule Delays, Labor Productivity Loss, and Overtime for Test 1 and Liquidated Damages, Labor Productivity Loss, and Overtime for Test 2. The results reflect the differences between the different managerial types and validate the differences in perceptions of the consequences from the rankings conducted. The nuances of the different managerial types in evaluating quality failure consequences can be concluded to differ between the types.




3.3. Complexity in Evaluating Quality Performance


To test the extent to which the QMs and FMs were capable of readily costing preventative, appraisal, or rework actions, a series of items was presented with a six-point Likert scale to evaluate each item in terms of its level of complexity. The scale ranged from Very Simple (1) to Not Feasible (6). The questions were derived from green-building projects’ quality plans, commissioning plans [44,45,70], and studies based on the CoQ [23,24,25]. The included quality activity items were costs accounted with rectifying non-conformance through construction rework (item 1); costs accounted with rectifying non-conformance through design rework (item 2); total cost for QA/QC personnel for a specific task (i.e., activity-based costing) (item 3); inspection costs for extra low voltage systems (e.g., HVAC and lighting control) (item 4); revising design drawings to achieve code compliance before issuing issue for construction designs (item 5); testing and balancing of water systems (item 6); factory tests for high voltage switchgears (item 7); repair of green-building technology defects after handover (e.g., HVAC/greywater system/rainwater system) (item 8); indoor humidity and mold growth from ventilation (item 9); installation errors from inexperienced sub-contractors (item 10); and power surges affecting software glitches for building automation systems causing water systems’ cistern malfunction (item 11). The internal consistency of the questions helped ensure that the overall complexity was reflected when evaluating the quality performance with Cronbach’s Alpha (α): α ranged from 0 to 1, and the higher values indicated a greater internal consistency and (ultimately) reliability. The results exhibited a value of 0.745, which indicates a fair consistency. This represents the complexity level in the quality performance evaluation. The complexities of various items are presented in Figure 8.



A Student’s T-test was conducted for the first objective to determine if the quality activities in the design, construction, and operation stages were considered too complex to cost and derive the differences among the CMs and operation-stage managers (depending on their perceptions of complexity). Only QMs and FMs were chosen for this task, because they were directly involved in QA/QC activities during the construction and operational stages. The null hypothesis, Ho is that the hypothesized mean for the level of complexity measured with the Likert scale was below 3 was tested with the Likert scale, where the hypothesized mean for the level of complexity was below 3 (i.e., from neutral to very simple). A p-value of below 0.05 implies that the null hypothesis is rejected, which is feasible if the level of complexity is greater than 3 (i.e., from complex to not feasible). Table 5 lists all p-values of the T-tests.



The results indicate that the conformance activities (preventative and appraisal) were usually less difficult to cost for both managerial types compared to non-conformance activities (rework). The rework activities were perceived as complex by both QMs and FMs, and the green-building-related rework (e.g., power surges affecting software glitches for building management systems and repairs of green-building technologies) had lower p-values, which indicates greater perceived complexities.



The results show that the design rework was considered simpler to cost compared to construction rework, which is an encouraging statistic for the importance of adequate design reviews as opposed to rushing into construction and facing lengthy complexities. Newton and Christian (2006) investigated how quality affects life cycle costs and highlighted that design quality had the greatest impact on the maintenance and rehabilitation costs [71].




3.4. Sustainability and Quality: Relationships and Performances


In this study, it was determined whether the quality performance and sustainability traits were correlated by asking the SMs if the KPIs of the quality performance were affected by sustainability traits. The results in Figure 9indicate a strong skew towards a correlation of the sustainability traits in material submittals, non-conformance reports, and inspection requests, which confirms that the sustainability is directly connected with the quality performance of green buildings. This reinforces the notion that the quality-performance domain is crucial for successfully delivering green buildings. The QMs were asked whether they considered the quality KPIs to be more challenging in a green building than in a conventional building. The results in Figure 10 reveal a higher difficulty (50%) or the same difficulty (50%). However, no manager stated that meeting the KPIs of green buildings was easier than for conventional buildings. This may be attributed to limited types of energy efficient materials and technology types being available within proximity in the market [52].



The SMs found that non-conformance related to sustainability was more likely to be rectified as a design rework rather than as a construction rework, as shown in Figure 11. This may be attributed to the substantial 43% of respondents claiming to have endured management dismissing certain sustainability credits for no longer being obliged to achieve them (such design omissions being found to be a root cause for design reworks according to Love, et al. [72]). In addition, according to Figure 11, 63% of respondents endured this type of credit dismissal because of budget limitations and 13% because of schedule compression. This could have been avoided if CMs had been involved in the design stages to give constructability feedback before the full dedication to such green-building credits.



Commissioning is a delivery phase that ensures that the building performs properly, efficiently (according to sustainability metrics), code-compliantly, and cost-effectively during maintenance [73]. Reed and Gordon (2000) asserted that the significance of commissioning green buildings should not be compromised because of their complexity [74]. Commissioning processes ideally commence early during the pre-design stage to ensure the useful formulation of the project requirements [74]. This, in turn, is used as the basis of devising mechanisms required to assure building quality.



The QMs were asked certain questions to determine the phase at which the commissioning scope definition commences in a project and when it should be fully defined. Contrary to expectations, the results of Figure 12 imply that most respondents (50%) indicated that the commissioning scope begins at the construction stage. This explains why 50% of the respondents indicated that the full definition of commissioning is established during the testing and commissioning stages. Another expectation was that the scope would be fully defined earlier than the testing and commissioning stages to ensure fewer upcoming unknown requirements in the project. The results defied the recommendations of Robichaud and Anantatmula (2011) [75], who wanted to ensure that the cross-discipline interaction occurred at the earliest stage of the project to ensure financial success. O’Connor et al. (2016) advocated for commissioning during the design phase to provide the team with more knowledge of how the systems should be handled and tested and to obtain the far-reaching benefits of discovering issues up front, potentially by yielding cost savings [76]. Green certification systems need to apply measures to protect against late commissioning commencement especially as the commissioning entity will have an overall lifecycle periphery and can contribute in providing an extra verification that the sustainability requirements are embedded in the design in a manner that is constructible and operable. Enabling commissioning can influence the managerial perspectives towards quality performance because it holds the contractors and owners more accountable on the project goals whether these are sustainability traits [77].





4. Conclusions


Measuring the quality performance when executing a green-building project enables managers and stakeholders to determine the extent to which green buildings achieve code compliance and high-performance quality. This research study was conducted based on a questionnaire survey to investigate how the different manager types perceived the quality performance, and to study the extent to which their objectives regarding the quality performance were aligned. The results support the importance of quality performance in the green-building project management. Further, the construction industry must evaluate the quality performance meticulously, particularly when CoQ approaches are employed. This study was accomplished by first reviewing the quality, testing, and commissioning plans of green-building projects and by reviewing academic literature to identify the CoQ components. These activities provided the basis for producing a questionnaire survey focused on quality performance, with questions tailored to the different managerial types. Subsequently, the results were statistically analyzed to evaluate the data and to determine any underlying inferences based on the four given fields: QA/QC awareness; ranking of managerial purview influences on the various quality failure consequences; complexities in evaluating CoQ components; correlations between quality performance and sustainability traits. As technology advances, it may be possible to automate laborious QA/QC processes [78].



The results highlight that the QA/QC awareness levels (the core mechanism of quality performance) of the various managerial types are not equitable. In addition, the prioritization of practitioners’ purviews and their influences on preventing quality consequences are different. Whereas previous studies have adopted the CoQ to quantify quality performance, the results of this study consolidated the argument that the CoQ activities are too complex to justify financially. The authors plan to establish a more seamless and integrated approach to calculate the CoQ and deliver a project that covers the inception to operation simultaneously. As technology advances, it may be possible to automate laborious QA/QC processes [78], which will promote the integrated approach required for green-building project management [75,79,80]. The revelation of the embedded sustainability traits in the quality KPIs and the consequences of sustainability non-conformance can be used as an inference to rationalize high-cost overruns in green-building projects [33,34,81,82,83,84]. The study also highlighted the challenges faced by SMs to uphold commitment regarding design rework, in which enabling credits are often discouraged. A revelation that liquidated damages as a quality consequence was not as prioritized as other consequences and it may be because of the lack of legislative measures to bind the contractor to a performance bond. This would impact the tendency to revert to a design rework that may compromise sustainability traits of the project.



This study was faced with limitations because the authors aimed to investigate the latent effects of contractual traits (i.e., project delivery system type, procurement method, and payment provision) to determine how these traits affected quality performance. Love et al. (2018) revisited the study of Barber et al. (2000) of the quality failure costs falling upon the contractors “only if the client had identified the need for correction or the contractor was in a position to claim additional payments from the client related to extra work or against one of their subcontractors or suppliers.” [17,85], thus the dynamics between the multiple parties would play an important role in quality performance [86,87,88]. The responses provided in the survey did not include sufficient response variety in the project delivery systems for deducing correlations. Furthermore, on many occasions, the more experienced managers had difficulty answering questions on single green-building projects, because of many prior projects that could have distorted the responses. The authors rarely received responses regarding a particular project from all managerial types. This was because of the high turnover rate, and because different managers were present in the prior design phases. A final limitation to mention is the current geopolitical climate in Qatar caused by the blockade which can limit certain green building materials [89], which may have influenced the managerial responses.



The results of this study contribute to academia, industry, and policy regarding green-building development and provide insight on how the different managerial practitioners perceive their purviews to influence the consequences of quality failures. Reworks is a pervasive issue in the construction industry with green buildings’ sustainability characteristics can lead to more reworks vulnerability with cost overrun implications [52,90]. There is already an upfront cost investment for embarking in a green building and having cost overruns can deter owners from committing to green buildings. Holistically, the drive to promote sustainability practices across the construction industry may be hindered without a careful scrutiny on the intricacies that play on a micro building level role from the various managerial types. The managerial implications on quality performance in particular has an overarching effect on achieving the sustainability expectations which will requires more diligence on ensuring the upfront cost is well invested through an improved quality performance practice. For this reason, the study revealed the need for more efficient approaches for appraising quality performance, which will require decision makers to be critical of the procedures and promulgate better strategies to enhance measuring quality performance with more rigor in order to minimize associated cost overruns associated with consequential rework from poor quality. This will help governments gain more confidence in policies supporting the green building movement in its pursuit for sustainability in the industry [91,92].
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Figure 1. Distribution process. 
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Figure 2. Types of managerial practitioners. 
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Figure 3. Entities represented by managers. 
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Figure 4. Managers’ years of experience. 
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Figure 5. Green-building types and involved managers. 
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Figure 6. Correct responses regarding quality assurance and quality control (QA/QC) definition. 
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Figure 7. Managerial responses to consequence priorities. 
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Figure 8. Quality activity items and complexity results (complexity level color coding is explained in the legend). 
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Figure 9. Correlation extent of sustainability traits of various quality key performance indicators (KPIs). 
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Figure 10. Responses of impact of sustainability traits on meeting quality KPIs. 
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Figure 11. Likelihood of rework types caused by sustainability non-conformance. 
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Figure 12. Response on commissioning scope commencement (top) and commissioning scope finalization (bottom). 
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Table 1. Question structure, managerial roles of participants, and subject targeted.
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	Questions:

Respondent & Type
	Managerial Role
	Subjects





	Q 1–7, All Managers: Multiple Choice
	Collective effort of all managers to deliver the project within the budget of the agreed baseline schedule and conform to the standards and requirements of the project specifications and the green-building rating-system credits planned at project inception.
	Respondents’ education background, industry, and green-building experience; geographical exposure of experience, represented entity, and project phases.



	Q 8–15, PMs:

Ranking and Multiple Choice

Statistical Test: Pearson’s Chi Squared, Relative Importance Index
	Manager leadership for ensuring that the project’s financial and schedule goals are met, administering contractual requirements, managing potential risks, liaising with client stakeholders in their needs and expectations, managing the team within in terms of the overall quality management, and developing staff in recruitment and training [39].
	Project description and contractual arrangement, quality performance attributes such as quality definition awareness and ranking of consequences of quality failures



	Q 16–19, CMs: Ranking and Multiple Choice

Statistical Test: Pearson’s Chi Squared, Relative Importance Index
	Technical role delegation with constructability and value-engineering experience to coordinate the material resources, machinery, and manpower to execute the project under the agreed-upon schedule [40]. This overlaps with the role of the SM in administering erosion and sediment control, storm-water, construction air quality plans, and construction site air quality plans [41,42,43].
	Quality performance attributes, such as quality definition awareness and ranking of consequences of quality failures.



	Q 20–29 QMs:

Ranking, Likert, and Multiple Choice

Statistical Test: Pearson’s Chi Squared, Relative Importance Index, Cronbach Alpha, U test
	Inspection and testing required to verify that the activities executed are code complaint, conforming to project specifications. Handles discrepancies in designs, construction drawings, and rules on any non-conformances occurring on-site against standards and specifications. Role overlaps with that of the SM in the commissioning process to ensure all energy- and water-related building components are fully functioning before handover [44].
	Quality performance attributes, such as quality definition awareness, consequence ranks, complexity levels for costing quality activities, project period commissioning scope formula, which is fully defined.



	Q 30–39 SMs:

Likert, Multiple Choice
	Project-team stewardship required to ensure sustainability traits of the project are prioritized, and the project is audited in terms of sustainability points and credits that the project team are committed to. Rules out any non-conformance occurring on-site against sustainability requirements. Takes a leading role in coordinating advanced commissioning processes for the multiple mechanical and electrical building components [45,46].
	Type of green certification pursued, determining if sustainability is embedded in quality KPIs; potential denunciations of sustainability credits and types of corrective actions that occur in event of sustainability non-conformance.



	Q 40–49 FMs

Likert, Multiple Choice

Statistical Test: Pearson’s Chi Squared, Relative Importance Index, Cronbach Alpha, U test
	Functionality of the building facility by ensuring end-user safety and satisfaction, maintaining the building facility, and sustaining profitability for the owners [47]. Conducts regular commissioning to improve building operations and energy and resource efficiency.
	Project description, complexity level in costing quality activities, and liaison of operations with design and construction.










[image: Table] 





Table 2. Quality Failure Types.
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	Reference
	Quality Failure Definition





	[53,54]
	Liquidated damages: owner recovers delay costs caused by the contractor. The recovery can also be apportioned among the parties when the delay is concurrently caused.



	[18,55]
	Cost overruns in rectifying mistakes: cost increases over the original contract value owing to rectifications of non-conformances during design and construction.



	[56,57]
	Material loss: replacing defected products or quantities that deviate from what was stipulated in the design.



	[56]
	Labour productivity loss: human activity that does not generate value, caused by rectifying mistakes.



	[58,59]
	Assigning team to work overtime: assignment to work extra hours to meet a compressed schedule and compensation for repaired defects.



	[60]
	Schedule delays: project takes longer to complete because of rectifications of design/construction mistakes or higher required quality expectations.



	[61]
	Reputation loss: firm loses reputation of competence because of defect compliance, which affects future bids.
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Table 3. Relative importance index of various failure consequences ranked by various managerial types.
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Managerial Type

	
QMs

	
PMs

	
CMs




	

	
RII

	
Rank

	
RII

	
Rank

	
RII

	
Rank






	
Liquidated Damages

	
0.7273

	
6

	
0.6364

	
5

	
0.7347

	
6




	
Reputation Loss

	
0.4156

	
2

	
0.4805

	
3

	
0.7551

	
7




	
Cost Overruns in Rectifying Mistakes

	
0.3377

	
1

	
0.4026

	
1

	
0.5714

	
4




	
Schedule Delays

	
0.5455

	
3

	
0.4156

	
2

	
0.3061

	
1




	
Material Loss

	
0.6494

	
5

	
0.6494

	
6

	
0.4796

	
2




	
Labor Productivity Loss

	
0.5974

	
4

	
0.6234

	
4

	
0.5204

	
3




	
Assigning Team to Work Overtime

	
0.7273

	
6

	
0.7403

	
7

	
0.6327

	
5
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Table 4. Mann–Whitney U-Test results for cross-comparing managerial types and quality failure consequences. A over or below 0.05.
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Quality Failure Consequences Ranked in Terms of Managerial-Type Influence

	
Asymptotic Significance (Two-Tailed) of Pairwise Comparison




	
Test 1

	
Test 2

	
Test 3




	
PMs and CMs

	
PMs and QMs

	
QMs and CMs






	
Liquidated Damages

	
0.3443

	
0.440

	
0.8234




	
Reputation Loss

	
0.0209

	
0.542

	
0.0133




	
Cost Overruns

	
0.040

	
0.315

	
0.0128




	
Schedule Delays

	
0.242

	
0.230

	
0.0201




	
Material Loss

	
0.0817

	
0.8128

	
0.0973




	
Labor Productivity Loss

	
0.456

	
0.8145

	
0.5075




	
Overtime

	
0.306

	
0.8658

	
0.4045











[image: Table] 





Table 5. Student’s T-test results for level-of-complexity of various quality activities.
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Student’s T Test for One Sample Mean

Ho: Hypothesized Mean for the Level of Complexity Is Below 3




	
Type

	
Item Number

	
Item Description

	
Both Groups

	
QM Only

	
FM Only






	
Rework

	
1

	
Costs accounted with rectifying non-conformance through construction rework

	
NA

	
0.0177

	
NA




	
Rework

	
2

	
Costs accounted with rectifying non-conformance through design rework

	
NA

	
0.376

	
NA




	
Preventative and Appraisal

	
3

	
Total cost for QAQC personnel for a specific task (activity-based costing)

	
0.174

	
0.5

	
0.003 *




	
Appraisal

	
4

	
Inspection costs for extra low voltage Systems (HVAC and lighting control)

	
0.1646

	
0.217

	
0.042 *




	
Preventative

	
5

	
Revising design drawings to achieve code compliance before construction drawings

	
NA

	
0.403

	
NA




	
Appraisal

	
6

	
Testing and balancing of water systems

	
0.412

	
0.388

	
0.071




	
Appraisal

	
7

	
Factory tests for high-voltage switchgears

	
0.412

	
0.2915

	
0.071




	
Rework

	
8

	
Repair of green-building technology defects after handover (HVAC/greywater system/rainwater system)

	
0.0000128

	
0.00093

	
0.5




	
Rework

	
9

	
Indoor humidity and mold growth from ventilation

	
0.195

	
0.0177

	
0.187




	
Rework

	
10

	
Installation errors from inexperienced sub-contractors

	
0.0078

	
0.000133

	
0.2611




	
Rework

	
11

	
Power surges affecting software glitches for building automation systems causing water systems’ cistern malfunction

	
0.0143

	
0.00005

	
0.204




	
Appraisal

	
12

	
6-month chemical and bacterial test of drinking-water systems

	
NA

	
NA

	
0.241




	
Rework

	
13

	
Plumbing Defects: Water Hammer, Back-Siphonage

	
NA

	
NA

	
0.229








* p < 0.05.
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