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Abstract

:

Although various types of management strategies have been proposed to improve construction productivity, they are seldom prioritized based on contribution. This study aims to bridge the knowledge gap to prioritize the critical management strategies that can help improve productivity in the construction industry. To achieve this goal, a comprehensive literature review was conducted first, to develop a conceptual framework of construction management strategies that are assumed to have positive relationships with productivity performance. A questionnaire was then developed and disseminated to 53 Singapore-based companies for data collection. The collected data were analyzed using partial least squares structural equation modelling. Results showed that “planning and communication” is the most critical management strategy category for productivity improvement, followed by “logistics,” “project strategic management”, “human resources”, and “on-site management.” This study contributes to the current body of knowledge by prioritizing critical management strategies that can help the construction industry improve productivity. Findings are likewise beneficial for the industry practitioners as well, as they can help deepen their understanding of the role played by these management strategies on increasing productivity and thereby formulate the best combinations for their own companies.
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1. Introduction


The construction industry is widely reported to have a relatively low productivity level, especially when compared with other industrial sectors like mining, manufacturing, and oil and gas [1,2,3]. This is mainly because the construction industry is labor-intensive and is deeply affected by various internal and external factors including social culture, environmental and legal constraints, inappropriate management actions, extreme weather, excessive overtime, and transportation conditions [4,5,6].



Implementing management strategies at construction sites is highly necessary and important if companies intend to increase their projects’ productivity. In fact, the importance of management strategies in improving construction productivity has been strongly emphasized by many studies. For example, Adrian [7] stated that management strategies such as management skills training, improving worker motivation, and adopting new technology could improve productivity. For the same goal, Thomas and Horman [8] suggested full consideration of project variability, adopting a comprehensive and flexible labor strategy, and suitable work schedules. Dai et al. [9] focused on the influence of craft workers on productivity and emphasized retention of skilled craft workers, orderly construction site, and comprehensive communication as effective management strategies. Moreover, Nasir et al. [10] pointed out the importance of health and safety training, stable organizational structure, and detailed acquisition strategies in relation to productivity improvement.



Although numerous management strategies have been proposed to improve productivity, they were seldom prioritized, according to a systematic search of the productivity literature conducted by the research team. Therefore, the present study aims to fill this knowledge gap by addressing the following questions:




	
What are the prevailing management strategies that can help improve the productivity of the construction industry?



	
How can we prioritize those management strategies?








This study was conducted in the context of Singapore, where the low productivity of the construction industry has always been a major government concern. In 2012, the Deputy Prime Minister of Singapore, Mr. Tharman Shanmugaratnam, pointed out that Singapore’s construction productivity level is only over one-third that of Japan. To improve the situation, the government exerts considerable efforts. Since 2010, the Building Construction Authority (BCA) of Singapore has launched several initiatives, such as the Certified Construction Productivity Professional (CCPP) Scheme and Construction Productivity Capability Fund. The CCPP scheme requires each contractor to include a project productivity enhancement proposal in its bidding document, presenting its plan and strategies to be used for improving productivity in the project awarded. Such administrative actions taken by the government indicate that the contributions of management strategies on improving productivity are fully recognized in the construction industry of Singapore.



Although a large number of studies have been conducted in productivity, most of them focus on the evaluation of productivity. Few of them prioritize the various management strategies in sense of their contributions. Thus, this research can contribute to the current body of knowledge of productivity. In addition, this research is helpful to the industry as well, because it can deepen the practitioners’ understanding of management strategies and help them come up with strategies that are more effective for productivity improvement.




2. Literature Review


2.1. Management Strategies to Improve Productivity


A comprehensive literature review was first conducted to identify the prevailing management strategies adopted by the construction industry to improve productivity. The management strategies generated from the review can be grouped into five categories, namely, project strategic management, on-site management, planning and communication, logistics, and human resources.



Numerous studies recommended the adoption of project strategic management strategies. For example, Naoum [11] and Ying and Sen [12] suggested using advanced construction technologies such as prefabrication to improve productivity. Naoum [11] and El-Gohary and Aziz [13] encouraged using contractual methods such as design/build and design/build/operate/transfer and involving contractors in the design stage to increase the productivity of design and construction. Makulsawatudom and Emsley [14] and Abdul Kadir et al. [15] proposed that improving communication among stakeholders through weekly meetings is a good strategy. Furthermore, Alwi [16] recommended that project stakeholders should have regular meetings and maintain long-term relationships with manufacturers and suppliers to reduce issues in coordination or delivery.



On-site management was found to be critical for increasing productivity in construction projects. A research stream proposed dynamic site layout plans and installing machinery and equipment at suitable locations without affecting other site activities [13,14,17,18]. In addition, to ensure no debris on site, which may hinder work progress, Goodrum et al. [17] recommended scheduling housekeeping once a week.



Planning and communication were likewise observed as critical for productivity. Goodrum et al. [17] suggested that management could adopt organizational charts or command chains to ensure that information is correctly and timely delivered. Construction Industry Institute (CII) [19] indicated that two-way communication between process workers and field management enabled positive and negative feedback loops, which can tackle productivity issues in projects. In addition, CII [20] pointed out that team building facilitated the establishment of common goals among stakeholders, which could help achieve the desired project outcomes. Rojas and Aramvareekul [21] and Goodrum et al. [17] suggested integrating scheduling to update the project timetable and measure progress. Aziz and Hafez [22] summarized several strategies that could increase efficiency and productivity, such as involving a multidisciplinary team in concurrent engineering using a last planner system. A type of lean technique, this system stimulated workflow control through weekly work schedules and plans for the next two to six weeks. Integrating health and safety programs into project implementation was also suggested to reduce unforeseen time constraints. Moreover, Paez et al. [23] proposed that productivity could be improved by implementing concurrent engineering and parallel task implementation through multidisciplinary teams. Daily huddle meetings should be arranged to derive immediate actions and thereby improve productivity.



Improving logistics is also one of the management strategies that could increase productivity. Goodrum et al. [17] identified several best practices for increasing productivity, such as effective material management, machinery, and equipment logistics. Abdul Kadir et al. [15] and Goodrum et al. [17] suggested setting up a procurement team and developing procurement plans and procedures for materials, equipment, and tools. CII [20] proposed to conduct a prequalification to ensure that the best supplier of materials and equipment was shortlisted for a project. Goodrum et al. [17] suggested using tracking technology to track materials’ location for managing delivery. Goodrum et al. [17] and Rojas and Aramvareekul [21] also recommended that material quality checks should be performed prior to acceptance, to prevent rework due to poor material quality. Rivas et al. [24], Abdul Kadir et al. [15], and Makulsawatudom and Emsley [14] put forward that preventive maintenance should be implemented to minimize the shortage of tools and equipment due to malfunction, which can seriously lead to inefficiencies. Abdul Kadir et al. [15] and Diekmann and Heinz [25] suggested providing buffers for large inventories to provide flexibility for the construction process. Additionally, Abdul Kadir et al. [15] and Diekmann and Heinz [25] suggested using the lean just-in-time strategy for material handling.



Numerous studies showed that human resource management was vital to improve productivity in the labor-intensive construction industry. In terms of employment, Rojas and Aramvareekul [21], Makulsawatudom and Emsley [14], and Goodrum et al. [17] proposed skills assessment to screen employees and hiring highly skilled or experienced workers. El-Gohary and Aziz [13] and Ghoddousi et al. [26] proposed that training could increase labor productivity by ensuring the development of skills and knowledge of workers. Motivation could affect a person’s behavior, and thus Doloi [27] and Kazaz and Ulubeyli [28] encouraged using financial and non-financial incentive programs to boost worker motivation. Rojas and Aramvareekul [21] suggested that improving worker motivation served as an important opportunity for increasing productivity. Makulsawatudom and Emsley [14] recommended using charts, manuals, and guidelines to facilitate workers’ understanding of the work process.



Table 1 presents the project management strategy categories and the specific tactics summarized from the literature review.



Although a large number of management strategies have been proposed to improve productivity, the effectiveness of these strategies is seldom evaluated, and these strategies are rarely prioritized based on their real contributions. It makes the construction authorities and the industry practitioners unable to find out and to implement the management strategies that are most useful, helpful, and powerful for productivity enhancement. Thus, there is a gap both in the existing productivity research and in the needs of the practice, and the current study plans to bridge the gap.




2.2. Assessing Productivity


Productivity assessment is an essential activity for managing construction organizations, because it reveals the organizational efficiency. Productivity assessment mainly relies on productivity indicators. Through a systematic literature review, the prevailing productivity indicators adopted by the existing industry and governmental organizations were identified. A total of 33 indicators were found and grouped into four levels, namely, industry, company, project, and trade levels. Table 2 shows the indicators and their respective levels.



At the industry level, the commonly used productivity indicators are total factor productivity, multi-factor productivity, square meter per man-day, a growth accounting approach, data envelopment analysis, output per worker, output per work hour, value added per worker, and value added per hour worked. The latter four indicators are also used to assess productivity at the company level. At the project level, the widely used indicators are square meter per dollar, square meter of built-up floor area per man-day, value added per worker, output per person-hour on key trades, constructability score, and buildable design score. Productivity indicators are used at the trade level and focus on specific tasks conducted by workers. These indicators include work-hours expended/quantity installed, formwork area per man-hour, amount of rebar/prefab mesh per man-hour, volume of concrete per man-hour, number of doors installed per man-hour, suspended ceiling per man-hour, and length of ducting per man-hour.




2.3. Research Hypothesis


To identify the most critical management strategies that can help improve productivity, this study proposed a theoretical model that hypothesizes management strategies could result in growth of productivity performance. Figure 1 presents the model, where management strategies cover five aspects identified from the literature review, namely, project strategic management, on-site management, planning and communication, logistics, and human resources. Productivity performance covers productivity indicators at the industry, company, project, and trade levels.





3. Methods


3.1. Research Methods


This study adopted five methods, namely, literature review, pilot interviews, questionnaire, structural equation modeling, and post-survey interviews.



A comprehensive literature review was conducted first to identify management strategies that could improve productivity, together with productivity indicators to assess productivity. To ensure a comprehensive review, the systematic search included government reports, web pages, journal articles, documents, and relevant books.



Conducting pilot interviews with experienced industry experts is a good strategy to verify the information obtained from the literature review. Thus, this study conducted pilot survey interviews to ensure that the identified management strategies and productivity indicators are applicable to the context of Singapore.



In construction engineering and management research, questionnaire survey is a widely used approach to obtain the opinions of industry professionals. Thus, this study used the questionnaire method to collect the perceptions of industry professionals on management strategies and productivity indicators. The questionnaire consisted of three sections, which can be seen in the Appendix A. First, the profiles of respondents were recorded, including designation, years of experience, and years of experience specific to assessing construction productivity. Second, respondents were required to rate the implementation level of various management strategies in their organizations using a five-point Likert scale (i.e., 1 = not implemented, 2 = implemented occasionally, 3 = implemented, 4 = implemented in most cases, and 5 = fully implemented). Third, respondents were asked to indicate their perceptions of organizational productivity performance under various productivity indicators using a five-point Likert scale (i.e., 1 = very poor, 2 = poor, 3 = moderate, 4 = good, and 5 = very good).



Structural equation modeling (SEM) is regarded as one of the most suitable methods for analyzing the causal relationships between multiple variables. Different from the first-generation regression models (e.g., stepwise multiple regression model), which can analyze only one layer of linkage between variables at a time, SEM can analyze the relationships among multiple variables simultaneously [41]. Considering the various types of management strategies identified in this study, SEM was adopted to test the hypothesis of this research, namely the implementation of management strategies could lead to growth of productivity performance. Williams et al. [42] mentioned that SEM has two forms, namely, partial least squares structural equation modeling (PLS-SEM) and covariance-based structural equation modeling (CB-SEM). Compared with CB-SEM, PLS-SEM has two major advantages, namely, its suitability for dealing with data collected from a questionnaire using a small sample size and better interpretability when dealing with highly skewed data [43,44]. Therefore, this study employed PLS-SEM.



Lastly, post-survey interviews were conducted with three experts in the local construction industry. The experts were provided with analysis results obtained from the questionnaire and requested to explain the results and propose recommendations to validate the survey findings and gather in-depth feedback. Table 3 highlights their profiles.




3.2. Data Presentation


The sampling frame of the questionnaire covered 4168 contractors and licensed builders registered under the BCA Directory. Referring to a frequently used sample rate of 10% [45], 416 contractors were randomly selected from the BCA Directory as potential respondents of the questionnaire, which was distributed via email, phone calls, and in person. A total of 53 responses were received. The respondents had different types of designations, such as contractors, consultants, owners, and government agency personnel. Among the respondents, approximately 90% had at least five years of working experience in the construction industry and approximately 50% had at least five years of experience in assessing construction productivity. These proportions indicated that the questionnaire respondents were experienced in the field and that data collected were reliable. Table 4 presents the profiles of the survey respondents.





4. Results and Discussions


4.1. Model Test Results


The hypothesized model was tested using the approach of PLS-SEM, which consists of two parts, namely, a structural model and measurement model. Figure 2 shows the hypothesized model, which consists of six measurement models and one structural model.



Among the six measurement models, one measures the overall productivity performance of a given organization, and the others measure five categories of management strategies. The structural model measures the relationship between management strategies and productivity performance. Data collected from the questionnaire were input into SmartPLS to test the hypothesized model.



4.1.1. Measurement Model Evaluation


As recommended by Hair et al. [46], the measurement models are assessed with regard to their indicator reliability, internal consistency reliability, convergent validity, and discriminant validity. Table 5 presents the evaluation results of the measurement models. The factor loadings of all specific management strategies are larger than 0.4 with t-values greater than 2.58. This finding indicates that the indicator reliability of the measurement models is acceptable [46]. The composite reliability values of all management strategy categories are greater than 0.7, which indicates good reliability of internal consistency for all categories of management strategies. The average variance extracted (AVE) values in Table 5 are greater than 0.5, which implies a satisfactory level of convergent validity for all categories of management strategies. Table 6 shows the AVE of each management strategy category. The results are greater than the squared correlation of other categories of management strategies. Table 7 shows the cross loadings, which indicates that each management strategy has the highest loading on its corresponding category. These findings suggest that all categories of management strategies have high discriminant validity. Table 8 presents the evaluation results of the hierarchical model of management strategies, where the t-values of all paths are greater than 2.58. This finding suggests that the relationships among management strategies are significant at the 0.01 level. Moreover, the composite reliability values are greater than 0.7, which indicate good reliability of the hierarchical model of management strategies [47].




4.1.2. Structural Model Evaluation


As for the structural model, the test results generated by the software SmartPLS show that the path coefficient between management strategies and productivity performance has a t-value of 5.238, which is higher than 2.58. The relationship between management strategies and productivity performance is therefore statistically significant at the 0.01 level. Such finding supports the hypothesis that management strategies can improve construction productivity. In addition, as shown in Table 8, “planning and communication” and “logistics” received higher path coefficients than the remaining three categories, suggesting they are more critical management strategies. Figure 3 shows the whole results of the proposed model tested by SmartPLS.





4.2. Discussion


4.2.1. Planning and Communication


“Two-way communication between workers and supervisor” (PC2) received the highest factor loading (0.874) on planning and communication (PC). Two-way communication between workers and supervisors is critical for avoiding productivity problems caused by insufficient communication. By so doing, issues can be timely identified and corrected. CII [19] also supports this point. The organization recommends open communication between workers and supervisors, because the former are familiar with on-site activities and can thus quickly and accurately inform the latter about on-site productivity problems, such that the problems can be immediately addressed. Research by [48] shows that effective communication between supervisor and workers is very important for workgroup health and safety, and it is an effective way to improve construction performance.



“Integrated scheduling to measure project progress” (PC4) received the second highest factor loading. Scheduling is categorized as the most relevant determinant of labor productivity under the management system category [21]. Interviewees report that regular updating and tracking status enables the adjustment of intended productivity objectives back on track. Goodrum et al. [17] justifies this notion by identifying scheduling control as a best practice for avoiding negative effects on completion dates. In addition, interviewees also recommend using scheduling software, such as Microsoft Project, Primavera P6, and Building Information Modelling (BIM). These tools are effective in planning and controlling work progress to enable pro-active measures in a timely manner and mitigate delays.



“Daily huddle meetings to look for immediate actions” (PC7) ranked third in terms of factor loading. Interviewee C points out that daily site coordination meetings are necessary and effective due to the large number of workers and sub-contractors on site. Therefore, understanding work locations and issues faced by activities in these locations is important. This mechanism can stimulate effective follow-up of events and sharing of impediments. It should be noted that daily meetings should be quick by focusing on important questions only [49].



“Clear organizational structure to define line of authority and communication chain” (PC1) received the fourth highest loading. Lack of a proper organizational structure or chain of command can lead to poor exchange or distortion of information. Goodrum et al. [17] stated that the line of authority reduces the cycle time of information processing and exchange. Additionally, errors can occur in events where information is not conveyed to the appropriate agents, which disrupts workflow and reduces productivity. Hence, organizational structure needs to be clearly established to define the communication chain and person-in-charge and ensure that messages are correctly conveyed across departments.



“Concurrent engineering to involve a multidisciplinary team” (PC5) received the fifth highest loading. This is a lean construction technique that aims to improve construction productivity through parallel execution by multidisciplinary teams [22]. Concurrent engineering leverages on various methods, such as scheduling network analysis, overlapping or splitting activities, shrinking transfer time between activities, and algorithms [23]. Concurrent engineering can improve productivity through time savings and promoting a collaborative approach. For example, the practice of Design for Manufacture and Assembly (DfMA) integrates building materials, production and assembly technology, logistics and supply chain management, and concurrent engineering to involve a multidisciplinary team will help increase productivity.



“Integrate health and safety plan into project execution” (PC8) ranked sixth within the management category. Plan conditions and work environment in the construction industry embrace safety practices that limit scheduled work [22]. Interviewee C emphasized the importance of the health and safety plan to ensure that no such issues hamper work progress. A stop-work order can occur in the case of accidents on-site. If working conditions are deemed unsuitable, then construction productivity is significantly affected. Many studies have shown that the introduction of Sustainability and Occupational Health and Safety Management Systems (S_OHSMS) standards at the organizational level can increase productivity. The use of two management system standards have a positive effect on the reduction of risks and the improvement of productivity [50]. “Team building to enforce friendly relationships and common goals among co-workers” (PC3) received the seventh highest factor loading. Team building fosters shared goals, commitment, and accountability, which can all lead to high labor productivity [20]. Interviewee C also revealed that team building is enforced at the main contractor level and among his team to promote better relations. In addition, co-workers with healthier relationships in the workplace are increasingly motivated to generate useful output. However, team building is an extensive activity that involves numerous workers, because projects are typically large-scale. The study infers that this notion may be the reason why team building ranks low under this category despite its benefits.



“Last planner system for work flow control” (PC6) ranked eighth in the management category. As another lean construction technique proposed by Aziz and Hafez [22], the last planner system is a useful tool for management and process monitoring through a look-ahead, weekly work planning, and percentage of planned completed. The principle of “should–can–will–did” is applied to ensure that schedules are well defined and controlled, with tasks that are likely to be completed on time [22]. This view is further supported by interviewees who suggest a look-ahead of 3–4 months to ensure tasks are scheduled realistically for completion with necessary resources.




4.2.2. Logistics


“Buffer strategy for materials and labor in long-lead items” (L6) received the highest loading under this category. Interviewees explain this aspect as avoiding unforeseen delivery issues that can affect construction schedules. Labor and materials complement each other; therefore, work is futile if materials are not delivered to the site for the workers to install. This view is supported by Abdul Kadir et al. [15], who state that workers remain idle while waiting for materials. Therefore, long lead-time items should be identified early to ensure that delivery time does not affect the overall schedule. Interviewees from the pilot interviews also recognized the need to understand the necessary items and their respective lead times.



“Set up a procurement team and develop a procurement plan and procedures for materials, equipment, and tools” (L1) received the second highest loading. Unavailability of materials, tools, and equipment is notorious for its negative impact on work progress, which results in workers’ idling period and consequently major loss of productivity. Material shortage ranks the most critical factor in the loss of productivity [15]. Similarly, the lack of materials ranks first as a factor influencing productivity in Thailand [14]. Rojas and Aramvareekul [21] identify the 79% relative relevance of materials and equipment management problems as a driver of labor productivity. To address shortage problems, procurement procedures and plans are important in tracking prompt and correct delivery [17]. This view is further supported by interviewees’ opinions that optimizing and planning procurement in advance through a procurement team prevents disruption to the construction schedule and enables the meeting of productivity criteria.



“Implementing rigorous prequalification process for securing suppliers of equipment and material” (L2) ranked third in factor loading under the logistics category. A rigorous prequalification or screening process of suppliers avoids negotiating with those that fail to meet the requirements of quality materials or equipment [20]. Interviewee C confirms that the prequalification process effectively ensures the purchase of appropriate materials or equipment and is interrelated with PSM4 that considers a list of suppliers. By prequalifying suppliers that meet the imposed standards, poor quality or breakdown does not disrupt the projects; hence, avoiding a compromise in productivity.



“Careful inspection of materials before acceptance to ensure quality” (L4) attained the fourth highest loading. Inspection is carried out to ensure the quality of materials to eliminate faulty ones that can result in rework and affect productivity. This finding is supported by Rojas and Aramvareekul [21], who associate poor quality of materials with rework that can negatively impact construction productivity due to the required additional time and cost. Interviewees from the pilot interviews reveal that they conduct a spot checking of materials before acceptance to quickly examine their conditions.



“Develop preventive maintenance and inspection checklist for equipment and tools” (L5) received the fifth highest factor loading. Equipment and tool breakdown delay work progress, because activities cannot continue without proper equipment and tools. Abdul Kadir et al. [15] supported this finding, stating that equipment breakdown or improper maintenance results in major idling time. Likewise, Rivas et al. [24] related the decline in productivity to broken tools. With respect to breakdowns, preventive maintenance can minimize their impact on productivity through timely maintenance to ensure positive operating conditions [14]. The survey respondents of the present study also opine that developing a preventive maintenance and inspection checklist effectively ensures the good condition of equipment and tools, which thereby promotes productivity.



“Just-in-time strategy to ‘pull’ materials and equipment only when required” (L7) ranked sixth under the logistics category. This strategy adopts the concept of the lean manufacturing approach to deliver only as needed [20]. Abdul Kadir et al. [15] further support this strategy by pointing out the issue of lack of storage areas in construction sites across Singapore. In addition, for some projects that use prefabricated components, they are manufactured in a factory far away from the city center with sufficient operation and storage space. By incorporating just-in-time strategies into the delivery plan, it can save time and improve sustainable performance, which has a positive impact on both suppliers and contractors [51].



“Develop a material/equipment/tool status database to track information” (L3) is the seventh in factor loading. A database for tracking information is critical to sustain awareness of important deadlines. This strategy emphasizes the need to track information in an orderly manner to ensure such hiccups do not occur. Without materials, equipment, or tools, workers are unable to work and instead spend supposedly productive time waiting. Integrating the BIM model with real-time data streams from Internet of Things (IoT) sensors is a powerful example of status database and information tracking. In addition, BIM and IoT can also provide a variety of applications, such as real-time big data analytics and integration with other cutting-edge technologies, which can process logistics information in a timely manner and provide external feedback that can improve construction productivity [52].




4.2.3. Project Strategic Management


“Contractual methods that involve contractors at the design stage” (PSM2) received the highest factor loading under the project strategic management category. This strategy enables the negotiation between buildable design and better construction approach to improve productivity before execution. Particularly, contractual methods such as a design and build contract (D&B) facilitate project coordination and efficiency, which improves productivity compared with traditional forms of contracts with rigid contractors’ involvement in the design, such as design–bid–build. This finding is supported by Naoum [11], who argues that shifting from traditional to D&B contracts drives a collaborative approach. Furthermore, El-Gohary and Aziz [13] recommend adopting procurement methods that advocate the early involvement of contractors to improve the constructability level of a design. With a single point of responsibility, interviewee A agrees that such contractual arrangements are effective because they reduce wastage.



“Weekly meetings with project stakeholders to update on project progress” (PSM3) followed as the second highest factor loading. The main factors that affect productivity are associated with drawing issues or rework as a result of poor coordination, which pose delays to projects and are prevalent in many studies [15,40]. Regular meetings are held with the intention of resolving poor coordination problems among project stakeholders. Interviewee A opines that changes can be made promptly through meetings to avoid unproductive output, initiate good coordination, and eliminate any hindrance to work progress. The research [53] showed that contact with stakeholders seems to be very important to successful delivery of green building projects. Regular meetings every two weeks are most favored by respondents. Meeting with the customer once a month will lead to a longer time to solve the problem and affect the project schedule eventually.



“Long-term relationship with suppliers for trustworthy delivery and quality” (PSM4) ranked as the third factor loading in this category. Productivity can be negatively influenced due to late delivery and poor quality of materials. Alwi [16] recommends establishing long-term relationships with suppliers who can ensure prompt delivery and quality. The post-survey interviewees also recommend this strategy, citing that establishing long-term business relationships is effective, because suppliers become familiar with the needs of their regular clients.



“Adoption of advanced construction technologies” (PSM1) received the fourth highest loading under this category. Automation, semi-automation, and prefabrication are highly encouraged in recent years to enhance labor productivity [29]. A high level and overall growth of labor productivity are also observed when off-site production is adopted [11]. BCA’s massive efforts in pushing for technologically advanced construction further support the effectiveness of technologies in manpower and time savings of up to 50%. Although proven to be an effective strategy, such adoption ranked relatively low among other strategies. The reason for this finding may be the challenges faced by firms, specifically costs, to adopt advanced technologies. This aspect is supported by Ying and Sen [12]. That is, change happens in a drastic and fast-paced manner while the market is on the downturn, which renders adopting technologies difficult. Furthermore, interviewee C cites that adopting new technologies can be a challenge for small- and medium-sized enterprises due to increased costs. Nonetheless, advanced construction technologies can achieve a high level of productivity through labor and time savings, as revealed by the interviewees.




4.2.4. Human Resources


“Training for specific work activities to ensure workers are skilled in their work scope” (HR2) received the highest factor loading under the human resource category. Given the labor-intensive nature of construction, productivity is largely influenced by manpower-related factors such as experience and skills. This result is supported by the study of El-Gohary and Aziz [13], where “laborer experience and skills” rank first under the labor/human category for factors influencing construction labor productivity. Trained and experienced workers possess abilities that can lead to increased productivity and quality. Ghoddousi et al. [26] group skilled workers and training under “high effects” factors and cite that workers equipped with skills through training can raise labor productivity. Interviewee A believes that training is a must to avoid unnecessary production loss and wastage. Furthermore, interviewee C emphasizes that the scarcity of highly skilled manpower in the local construction industry leads to the necessity to provide training. In Singapore, most workers are foreigners with a few skills. Hence, training potential workers is crucial for familiarity with their job scope and to increase output. Training, as suggested by numerous studies, is also highly favored by survey respondents and interviewees for optimizing productivity in the context of Singapore.



“Assessment and interviews of employees to qualify hiring of competent staff” (HR1) received the second highest in factor loading. Experience and training are the top two drivers under the manpower category [21]. Typically, incompetency and unqualified employees or supervisors are the leading factors of productivity loss due to decreased or defective output. To address this problem, Makulsawatudom and Emsley [14] recommend selecting and interviewing employees. This solution is evidently effective according to the survey respondents and interviewees. Post-interviewees also mention that priority is given to qualified workers to avoid a long period of on-the-job training. Hence, this finding substantiates the effectiveness of pre-screening for experienced staff. Interviewee B further states that apart from hiring qualified staff, retaining staff with appropriate knowledge and skills is effective. This argument is supported by Goodrum et al. [17], who suggest the employment strategy of retaining productive employees.



“Financial and non-financial incentive programs to boost workers’ motivation” (HR3) received the third highest ranking under the category of human resources. A conducive work environment and incentivized employment contracts can increase employee output [27]. Workers receiving additional and attractive financial and non-financial benefits are expected to have increased motivation and consequently high productivity according to Kazaz and Ulubeyli [28]. Interviewee C supports this statement by sharing that, typically, financial incentives boost workers’ motivation to operate efficiently. BCA has launched several initiatives, such as the Productivity Innovation Project (PIP) and Construction Registration of Tradesmen (CoreTrade). The CoreTrade scheme provides a clear career progression path and gives workers due rewards and recognition, thereby retaining better and more experienced workers. Many companies also increase employee satisfaction with their jobs through transport and mobile phone allowances, overtime pay, appreciation, and job recognition.



“Easier means of communication with craft workers” (HR4) ranked fourth among the human resource strategies. This point is vital, as the local construction industry comprises a vast number of foreign workers. Lim and Alum [29] raise the issue of diversity of languages on site. Post-interviewees likewise agree that this is relevant to the local construction industry, because foreign workers on-site consist of many nationalities. Hence, a flexible means of communication is implemented at all times to ensure consistent understanding among workers, such as pictures and videos of the process for visualization. The research [54] showed that using VSM-based VR training, the productivity of the scaffolding erection process is increased by 12%, and the error rate is reduced.




4.2.5. On-Site Management


“Development of a dynamic site layout plan for the optimal location of work activities” (OSM1) received the highest factor loadings under the on-site management category. Planning, workflow, and site congestion or poor site layout frequently rank within the top 10 factors influencing construction productivity [14], according to El-Gohary and Aziz [13]. A dynamic site layout plan aims to optimize work activities and facilitates an efficient flow to reduce site congestion or accidents. Aligned to this finding, Gurmu et al. [18] suggest that a dynamic site layout can reduce site congestion, whereas Goodrum et al. [17] put forward a dynamic layout to facilitate efficient and safe workflow. Interviewee C reveals that a dynamic site layout plan is subject to site conditions and is necessary to prevent conflicts among work activities that can cause obstruction or double-handling. Therefore, a dynamic site layout plan is critical for every construction project to optimize productivity according to the survey respondents and interviewees.



“Weekly housekeeping to clear debris and hazard” (OSM2) follows as the second highest factor loading under the category of on-site management. Housekeeping is necessary to avoid obscuring workers’ access or safety issues in the work site. Materials and tools laying around the work site can result in safety issues that may lead to stop-work orders. Therefore, eliminating these problems through housekeeping promotes a safe and efficient work environment for operation without impeding productivity.






5. Conclusions


This study prioritized the critical management strategies that can help improve construction productivity by testing the hypothesis that prevailing management strategies are positively correlated with productivity performance in the current construction industry. The results show that “planning and communication” is the most critical management strategy category, followed by “logistics”, “project strategic management”, “human resources”, and “on-site management”. Results also show that a “two-way communication between workers and supervisors”, “buffer strategy for materials and labor in long-lead items”, “contractual methods that involves contractors at the design stage”, “training for specific work activities to ensure workers are skilled in their work scope”, and “development of a dynamic site layout plan for the optimal location of work activities” are the most critical strategies under each management strategy category.



Although the goals of this study are achieved, some limitations remain. First, although considerable efforts were made to ensure a large number of responses, the resultant sample size was still small. The number of 53 responses is statistically significant, but a larger sample size can ensure added reliability and accuracy to the analysis. Second, the number of respondents in the four target categories is uneven with few government agencies and owners, which may lead to biased results.



This study contributes to the current body of knowledge by revealing that critical management strategies can help the construction industry improve its productivity. The findings are likewise beneficial for industry practitioners to deepen their understanding of the role played by these management strategies on increasing productivity, and thereby formulate the best combinations for their companies. Developing a method to assess the implementation level of these management strategies in construction organizations and seeking possible improvement would be an interesting and necessary topic for future study.
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Appendix A. Main Survey Questionnaires


Respondents’ Profile:



Please indicate your designation by ticking √ below.



[ ] Consultant [ ] Contractor [ ] Owner [ ] Government Agencies [ ] Others (please specify:)



 



Please indicate your years of experience in the construction industry:



 



Please indicate your years of experience in assessing productivity in your organization:



 



Please indicate the years of experience of your company/organization in the construction industry:



 



Please indicate the years of experience in assessing productivity in your organization:



Appendix A.1. Management Strategies to Improve Construction Productivity


Please rate the level of implementation on the following strategies in the construction project you are currently working on by marking an X in the boxes below.



1: Not Implemented, 2: Implemented Occasionally, 3: Implemented Moderately, 4: Implemented in Most Cases, 5: Fully Implemented
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Table A1. List of Management Strategies to Improve Productivity.






Table A1. List of Management Strategies to Improve Productivity.





	
Categories

	
Strategies

	
Level of Implementation




	
1

	
2

	
3

	
4

	
5






	
Project Strategic Management

	
Adoption of advanced construction technologies, e.g., prefabrication, PPVC.

	

	

	

	

	




	
Contractual methods that involves contractors at the design stage, e.g., Design and Build contract (D&B).

	

	

	

	

	




	
Weekly meetings with project stakeholders to update on project progress.

	

	

	

	

	




	
Long-term relationship with suppliers for trustworthy delivery and quality.

	

	

	

	

	




	
On-site Management

	
Development of a dynamic site layout plan for the optimal location of work activities.

	

	

	

	

	




	
Weekly housekeeping to clear debris and hazard.

	

	

	

	

	




	
Planning and Communication

	
Clear organizational structure to define line of authority and communication chain.

	

	

	

	

	




	
Two-way communication between workers and superiors.

	

	

	

	

	




	
Team building to enforce friendly relationships and common goals among co-workers.

	

	

	

	

	




	
Integrated scheduling to measure project progress.

	

	

	

	

	




	
Concurrent engineering to involve a multidisciplinary team.

	

	

	

	

	




	
Last planner system for work flow control.

	

	

	

	

	




	
Daily huddle meetings to look for immediate actions.

	

	

	

	

	




	
Integrate health and safety plan into project execution.

	

	

	

	

	




	
Logistics

	
Set up a procurement team and develop procurement plan and procedures for materials, equipment and tools.

	

	

	

	

	




	
Prequalification process for securing suppliers of equipment and material.

	

	

	

	

	




	
Material/equipment/tool status database to track information

	

	

	

	

	




	
Inspection of materials before acceptance to ensure quality.

	

	

	

	

	




	
Preventive maintenance and inspection checklist for equipment and tools.

	

	

	

	

	




	
Buffer strategy for materials and labor in long-lead items.

	

	

	

	

	




	
Just-in-time strategy to ‘pull’ materials and equipment only when required.

	

	

	

	

	




	
Human Resources

	
Assessment and interviews of employees to qualify hiring of competent staff.

	

	

	

	

	




	
Training for specific work activities to ensure workers are skilled in their work scope.

	

	

	

	

	




	
Financial and non-financial incentive programs to boost workers’ motivation.

	

	

	

	

	




	
Easier means of communication with craft workers (i.e., pictures for easy visualization).

	

	

	

	

	










Appendix A.2. Construction Productivity Indicators


This section assesses the productivity performance of projects by indicators. You may encounter different outcomes when using different productivity indicators to measure the same project. Based on your experience in the past three to five years projects, please indicate your perception of the productivity performance under different productivity indicators by marking an X in the boxes below, using a scale of 1 to 5 for ALL the indicators:



Performance: 1- Very Poor, 2- Poor, 3- Moderate, 4- Good, 5- Very Good
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Table A2. Indicators to Assess Productivity.






Table A2. Indicators to Assess Productivity.





	
Levels

	
Indicators

	
Performance by Indicators




	
1-

Very Poor

	
2-

Poor

	
3-

Moderate

	
4-

Good

	
5-

Very Good






	
Industry

	
Total Factor Productivity

	

	

	

	

	




	
Multi-Factor Productivity

	

	

	

	

	




	
Output per worker

	

	

	

	

	




	
Output per work hour

	

	

	

	

	




	
Value-added per worker

	

	

	

	

	




	
Value-added per hour worked

	

	

	

	

	




	
Square metre per man day

	

	

	

	

	




	
Growth Accounting Approach

	

	

	

	

	




	
Data Envelopment Analysis

	

	

	

	

	




	
Company

	
Output per worker

	

	

	

	

	




	
Output per work hour

	

	

	

	

	




	
Value-added per worker

	

	

	

	

	




	
Value-added per hour worked

	

	

	

	

	




	
Capital Productivity

	

	

	

	

	




	
Project

	
Square metre per dollar

	

	

	

	

	




	
Square metre of built-up floor area per man-day

	

	

	

	

	




	
Value-added per worker

	

	

	

	

	




	
Output per person-hour on key trades

	

	

	

	

	




	
Constructability Score

	

	

	

	

	




	
Buildable Design Score

	

	

	

	

	




	
Trade

	
Work-Hours expended/Quantity Installed

	

	

	

	

	




	
Formwork Area per manhour

	

	

	

	

	




	
Amount of rebar/prefab mesh per manhour

	

	

	

	

	




	
Volume of concrete per manhour

	

	

	

	

	




	
Area of Drywall per manhour

	

	

	

	

	




	
Painted Area per manhour

	

	

	

	

	




	
Number of doors installed per manhour

	

	

	

	

	




	
Wall tiled area per manhour

	

	

	

	

	




	
Floor tiled area per manhour

	

	

	

	

	




	
Suspended ceiling per manhour

	

	

	

	

	




	
Length of ducting per manhour

	

	

	

	

	




	
Length of electrical conduit per manhour

	

	

	

	

	




	
Length of water pipe per manhour
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Figure 1. Hypothetical structural model. Notes: “+” represents management strategies could result in growth of productivity performance. 
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Figure 2. Hypothesized model. Notes: “+” represents management strategies could result in growth of productivity performance. 
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Figure 3. Results of modelling. 
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Table 1. Management strategy category and tactics to improve productivity.
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Categories

	
Code

	
Tactics

	
Sources






	
Project Strategic Management

	
PSM1

	
Adoption of advanced construction technologies, e.g., prefabrication, PPVC.

	
[11,12]




	
PSM2

	
Contractual methods that involves contractors at the design stage, e.g., Design and Build contract (D&B).

	
[11,13]




	
PSM3

	
Weekly meetings with project stakeholders to update on project progress.

	
[14,15]




	
PSM4

	
Long-term relationship with suppliers for trustworthy delivery and quality.

	
[16]




	
On-site Management

	
OSM1

	
Development of a dynamic site layout plan for the optimal location of work activities.

	
[13,14,17,18]




	
OSM2

	
Weekly housekeeping to clear debris and hazard.

	
[17]




	
Planning and Communication

	
PC1

	
Clear organizational structure to define line of authority and communication chain.

	
[17]




	
PC2

	
Two-way communication between workers and superiors.

	
[19]




	
PC3

	
Team building to enforce friendly relationships and common goals among co-workers.

	
[20]




	
PC4

	
Integrated scheduling to measure project progress.

	
[17,21]




	
PC5

	
Concurrent engineering to involve a multidisciplinary team.

	
[22,23]




	
PC6

	
Last planner system for work flow control.

	
[22]




	
PC7

	
Daily huddle meetings to look for immediate actions.

	
[23]




	
PC8

	
Integrate health and safety plan into project execution.

	
[22]




	
Logistics

	
L1

	
Set up a procurement team and develop procurement plan and procedures for materials, equipment, and tools.

	
[15,17]




	
L2

	
Prequalification process for securing suppliers of equipment and material.

	
[20]




	
L3

	
Material/equipment/tool status database to track information

	
[17]




	
L4

	
Inspection of materials before acceptance to ensure quality.

	
[17,21]




	
L5

	
Preventive maintenance and inspection checklist for equipment and tools.

	
[14,15,24]




	
L6

	
Buffer strategy for materials and labor in long-lead items.

	
[15,25]




	
L7

	
Just-in-time strategy to “pull” materials and equipment only when required.

	
[15,20,25]




	
Human Resources

	
HR1

	
Assessment and interviews of employees to qualify hiring of competent staff.

	
[14,17,21]




	
HR2

	
Training for specific work activities to ensure workers are skilled in their work scope.

	
[13,26]




	
HR3

	
Financial and non-financial incentive programs to boost workers’ motivation.

	
[21,27,28]




	
HR4

	
Easier means of communication with craft workers (i.e., pictures for easy visualization).

	
[14,29]
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Table 2. Productivity indicators.
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Levels

	
Indicators

	
Sources






	
Industry

	
P1. Total Factor Productivity

	
[30,31]




	
P2. Multi-Factor Productivity

	
[32,33]




	
P3. Output per worker

	
[30,31,32,34,35,36,37]




	
P4. Output per work hour

	
[31,32,34,35,36]




	
P5. Value added per worker

	
[32,33]




	
P6. Value added per hour worked

	
[33]




	
P7. Square meter per man-day

	
[33]




	
P8. Growth Accounting Approach

	
[38]




	
P9. Data Envelopment Analysis

	
[38,39]




	
Company

	
P10. Output per worker

	
[30,31,32,34,35,36,37]




	
P11. Output per work hour

	
[31,32,34,35,36]




	
P12. Value added per worker

	
[32,33]




	
P13. Value added per hour worked

	
[32,33]




	
P14. Capital Productivity

	
[34,39]




	
Project

	
P15. Square meter per dollar

	
[33,36]




	
P16. Square meter of built-up floor area per man-day

	
[33]




	
P17. Value added per worker

	
[33]




	
P18. Output per person-hour on key trades

	
[33]




	
P19. Constructability Score

	
[33]




	
P20. Buildable Design Score

	
[33]




	
Trade

	
P21. Work-hours expended/quantity installed

	
[19]




	
P22. Formwork area per man-hour

	
[35,40]




	
P23. Amount of rebar/prefab mesh per man-hour

	
[40]




	
P24. Volume of concrete per man-hour

	
[40]




	
P25. Area of drywall per man-hour

	
[40]




	
P26. Painted area per man-hour

	
[40]




	
P27. Number of doors installed per man-hour

	
[40]




	
P28. Wall tiled area per man-hour

	
[40]




	
P29. Floor tiled area per man-hour

	
[40]




	
P30. Suspended ceiling per man-hour

	
[40]




	
P31. Length of ducting per man-hour

	
[40]




	
P32. Length of electrical conduit per man-hour

	
[35,40]




	
P33. Length of water pipe per man-hour

	
[40]
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Table 3. Profiles of post-interviewees.
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	Interviewee
	Designation
	Occupation
	Years of Experience in Construction Industry
	Years of Experience in Assessing Construction Productivity





	A
	Contractor
	Project Manager
	27
	15



	B
	Consultant
	Senior Consultant
	41
	18



	C
	Contractor
	Senior Site Manager
	14
	8
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Table 4. Profiles of survey respondents.
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Respondent profiles

	
Categorization

	
Number of Respondents

	
Percentage






	
Type of designation

	
Contractor

	
22

	
41.51%




	
Consultant

	
14

	
26.42%




	
Owner

	
8

	
15.09%




	
Government Agencies

	
9

	
16.98%




	
Years of Experience in Construction Industry

	
1–5

	
7

	
13.21%




	
5–10

	
16

	
30.19%




	
>10

	
30

	
56.60%




	
Years of Experience in Assessing Construction Productivity

	
1–5

	
30

	
56.60%




	
5–10

	
13

	
24.53%




	
>10

	
10

	
18.87%
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Table 5. Measurement model.






Table 5. Measurement model.





	
Construct

	
Code

	
Loading

	
t-Value

	
AVE

	
Composite Reliability






	
PSM

	
PSM1

	
0.705

	
6.993

	
0.594

	
0.853




	
PSM2

	
0.863

	
21.775

	

	




	
PSM3

	
0.774

	
11.487

	

	




	
PSM4

	
0.732

	
7.059

	

	




	
OSM

	
OSM1

	
0.948

	
51.792

	
0.884

	
0.938




	
OSM2

	
0.933

	
27.158

	

	




	
PC

	
PC1

	
0.801

	
11.802

	
0.632

	
0.932




	
PC2

	
0.874

	
16.131

	

	




	
PC3

	
0.778

	
11.399

	

	




	
PC4

	
0.815

	
15.253

	

	




	
PC5

	
0.794

	
14.336

	

	




	
PC6

	
0.684

	
8.993

	

	




	
PC7

	
0.813

	
14.175

	

	




	
PC8

	
0.789

	
11.811

	

	




	
L

	
L1

	
0.851

	
21.815

	
0.661

	
0.932




	
L2

	
0.830

	
12.149

	

	




	
L3

	
0.731

	
7.039

	

	




	
L4

	
0.813

	
9.689

	

	




	
L5

	
0.809

	
10.026

	

	




	
L6

	
0.889

	
27.764

	

	




	
L7

	
0.760

	
9.241

	

	




	
HR

	
HR1

	
0.888

	
14.800

	
0.725

	
0.913




	
HR2

	
0.904

	
15.817

	

	




	
HR3

	
0.820

	
10.716

	

	




	
HR4

	
0.788

	
12.047

	

	








Notes: PSM: Project Strategic Management; OSM: On-site Management; PC: Planning and Communication; L: Logistics; HR: Human Resource.
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Table 6. Fornell–Larcker criterion.
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	Construct
	HR
	L
	PSM
	OSM
	PC





	HR
	0.852
	
	
	
	



	L
	0.700
	0.813
	
	
	



	PSM
	0.612
	0.758
	0.771
	
	



	OSM
	0.454
	0.708
	0.684
	0.940
	



	PC
	0.690
	0.756
	0.734
	0.746
	0.795







Notes: PSM: Project Strategic Management; OSM: On-site Management; PC: Planning and Communication; L: Logistics; HR: Human Resource. Bold values are the square roots of the AVEs of management strategy categories. 
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Table 7. Cross loadings.






Table 7. Cross loadings.





	Measurement Items
	HR
	L
	PSM
	OSM
	PC





	HR1
	0.888
	0.642
	0.530
	0.419
	0.572



	HR2
	0.904
	0.616
	0.452
	0.386
	0.600



	HR3
	0.820
	0.389
	0.366
	0.172
	0.481



	HR4
	0.788
	0.675
	0.679
	0.501
	0.660



	L1
	0.558
	0.851
	0.693
	0.508
	0.533



	L2
	0.509
	0.830
	0.563
	0.510
	0.618



	L3
	0.400
	0.731
	0.586
	0.511
	0.622



	L4
	0.702
	0.813
	0.559
	0.553
	0.613



	L5
	0.685
	0.809
	0.551
	0.634
	0.612



	L6
	0.605
	0.889
	0.731
	0.680
	0.665



	L7
	0.506
	0.760
	0.623
	0.617
	0.638



	PSM1
	0.403
	0.552
	0.705
	0.375
	0.506



	PSM2
	0.425
	0.617
	0.863
	0.537
	0.541



	PSM3
	0.637
	0.625
	0.774
	0.663
	0.636



	PSM4
	0.393
	0.533
	0.732
	0.500
	0.568



	OSM1
	0.403
	0.706
	0.714
	0.948
	0.756



	OSM2
	0.453
	0.621
	0.562
	0.933
	0.639



	PC1
	0.694
	0.761
	0.630
	0.746
	0.801



	PC2
	0.661
	0.639
	0.541
	0.672
	0.874



	PC3
	0.489
	0.520
	0.490
	0.420
	0.778



	PC4
	0.463
	0.537
	0.574
	0.555
	0.815



	PC5
	0.588
	0.562
	0.610
	0.589
	0.794



	PC6
	0.292
	0.438
	0.467
	0.349
	0.684



	PC7
	0.501
	0.600
	0.739
	0.578
	0.813



	PC8
	0.611
	0.685
	0.588
	0.733
	0.789







Notes: PSM: Project Strategic Management; OSM: On-site Management; PC: Planning and Communication; L: Logistics; HR: Human Resource. Bold values are the loadings of specific management strategies on its corresponding category.
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Table 8. Hierarchical model evaluation.






Table 8. Hierarchical model evaluation.











	Paths
	Path Coefficient
	t-Value
	Composite Reliability





	PSM→MS
	0.172
	8.714
	0.964



	OSM→MS
	0.100
	6.540
	



	PC→MS
	0.354
	11.996
	



	L→MS
	0.336
	14.296
	



	HR→MS
	0.169
	6.251
	







Notes: PSM: Project Strategic Management; OSM: On-site Management; PC: Planning and Communication; L: Logistics; HR: Human Resource.
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