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 : اٌٍّخض اٌؼشثٟ

ؽشق ػٓ  وجذ٠ً أوضش اعزذاِخ ٚوفبءح فٟ ا٢ٚٔخ الأخ١شح، رزجٕٝ طٕبػخ اٌجٕبء ٚاٌزش١١ذ ؽشق اٌجٕبء خبسط اٌّٛلغ

اٌزش١١ذ اٌزم١ٍذ٠خ اٌزٟ رٛاعٗ ػذح ِشىلاد. ػٍٝ ٘زا إٌؾٛ، رٙذف ٘زٖ اٌذساعخ اٌٝ اعزىشبف اٌذٚافغ اٌزٟ رؼضص 

ٚرظ١ٕفٙب ٌٍىشف ػٓ أُ٘ اٌذٚافغ  ,فٟ عٛق اٌجٕبء اٌّظشٞ ؽشق اٌجٕبء خبسط اٌّٛلغ الاعزخذاَ اٌٛاعغ إٌطبق ٌـ

رُ اعشاء  .ثذلا  ِٓ ؽش٠مخ اٌزش١١ذ اٌزم١ٍذ٠خ ؽشق اٌجٕبء خبسط اٌّٛلغ اٌزٟ رشغغ أطؾبة اٌّظٍؾخ ػٍٝ اعزخذاَ

اعزج١بْ  ػًِّٚٓ صُ رُ  .ػٍٝ ٔطبق ٚاعغ ء خبسط اٌّٛلغؽشق اٌجٕب ِشاعؼخ الأدث١بد ٌّؼشفخ اٌذٚافغ ٚساء اػزّبد

ٚٚعذد  .ٌفؾض اٌج١بٔبد اٌى١ّخ اٌزٟ رُ عّؼٙب ٚأخ١شا ، رُ اعزخذاَ رؾ١ًٍ اٌزجب٠ٓ ِٚزٛعؾ اٌذسعبد .اعزمظبئٟ

زظ اٌذساعخ أْ ص٠بدح الإٔزبع١خ، ٚرؼض٠ض ِشالجخ عٛدح اٌّششٚع، ٚرم١ًٍ اٌّذح الإعّب١ٌخ ٌٍّششٚع، ٚرؾغ١ٓ عٛدح إٌّ

ػٍٝ ٔطبق ٚاعغ فٟ  ؽشق اٌجٕبء خبسط اٌّٛلغ ٚرؼض٠ض اٌزفز١ش ٚالإششاف ُ٘ أُ٘ خّغخ ػٛاًِ رذفغ اٌٝ اػزّبد

اٌٝ  ، رش١ش ٔزبئظ رؾ١ًٍ اٌزجب٠ٓثبلاػبفخ .ٚفٟ اٌّمبثً، رؼزجش اٌّجبدساد ٚاٌغ١بعبد اٌؾى١ِٛخ ٟ٘ الألً رؤص١شا .ِظش

اٌذساعخ فٟ رغ١ٍؾ اٌؼٛء ػٍٝ أُ٘ اٌذٚافغ اٌزٟ ِٓ شؤٔٙب ص٠بدح رغبُ٘ ٘زٖ  .أْ ع١ّغ اٌذٚافغ راد دلاٌخ اؽظبئ١خ

فٟ طٕبػخ اٌجٕبء ٚاٌزش١١ذ اٌّظش٠خ، ٚ٘ٛ أِش ِف١ذ ٌٍذٚي إٌب١ِخ  اٌجٕبء خبسط اٌّٛلغ اِىب١ٔخ رطج١ك رىٌٕٛٛع١ب

ا أٚعغ ؽٛي اٌذٚا .الأخشٜ اٌزٟ رٙذف اٌٝ اعزخذاَ ٘زٖ اٌزم١ٕخ  فغ ٚساء اػزّبدثبلإػبفخ اٌٝ رٌه، فبٔٙب رٛفش ِٕظٛس 

، ِّب لذ ٠غبػذ أطؾبة اٌّظٍؾخ فٟ اٌظٕبػخ ٚطبٔؼٟ اٌغ١بعبد ٚالأوبد١١ّ٠ٓ ػٍٝ  ؽشق اٌجٕبء خبسط اٌّٛلغ

 .فٟ ِظش ؽشق اٌجٕبء خبسط اٌّٛلغ اوزغبة فُٙ أفؼً ٌٕظبَ ٌٍمٜٛ اٌذافؼخ لاػزّبد

 .اٌجٕبء خبسط اٌّٛلغ, ِزٛعؾ إٌز١غخ، رؾ١ًٍ اٌزجب٠ٓ، ِظش اٌىٍّبد اٌّفزبؽ١خ:

Abstract: 

Recently, the construction industry is embracing off-site construction (OSC) as a more 

sustainable and efficient alternative to the flawed and environmentally damaging cast-in-

situ method. As such, this study aims to explore the drivers promoting the wide use of 

OSC in the Egyptian construction market and rank them to reveal the key drivers that 

encourage stakeholders to use OSC over the conventional cast-in-situ method.  A literature 

review was conducted to figure out the drivers of the widespread adoption of OSC. Then, a 

questionnaire survey was designed. Finally, analysis of variance (ANOVA) and mean score 

(MS) were utilized to examine the quantitative data that had been gathered. The study 

found that maximizing productivity, promoting project quality control, minimizing overall 

project duration, enhancing product quality and enhancing inspection and supervision are 

the top five factors driving the broad adoption of OSC in Egypt. In contrast, government 
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initiatives and policies driver are the least influential ones. Meanwhile, ANOVA results 

evidence that all the drivers are statistically significant. This study contributes to the body 

of knowledge by highlighting the most crucial drivers that will increase the applicability of 

OSC technology in the Egyptian construction industry, which is beneficial to other 

developing nations aiming to use the technique. In addition, it provides a broader 

perspective on drivers for OSC adoption, which may help industry stakeholders, 

policymakers and academics gain a better understanding of the ecosystem of the driving 

forces of adopting OSC in Egypt. 

Keywords: Off-site construction (OSC), Mean score, ANOVA, Egypt. 

1. Introduction 
In developing countries, the construction industry contributes significantly to the economy, 

in addition to providing employment [1]. Despite the industry's expansion, it continues to 

face substantial declines in performance [2], quality, productivity, safety control [3] and 

sustainability [4].  

The demand for housing specifically as well as the construction market are both 

experiencing booms due to the ongoing population growth. In addition, the COVID-19 

outbreak is causing a housing shortage in several areas. As a result of the poor 

performance of current traditional construction methods and the rise in market demand, 

construction practitioners and researchers are motivated to discover a faster and more 

sustainable strategy by integrating manufacturing roles and moving towards OSC [2]. 

Many developed countries have been utilizing OSC technology in the construction 

industry, while in a lot of developing countries, the implementation of OSC is quite 

limited. The main drivers behind the widespread adoption of OSC in a developing nation 

like Egypt are not well proposed in the literature. This study specifically investigates this 

issue by illuminating the most important drivers to extend the usability of OSC technology 

in Egyptian construction projects, which can serve as a solid starting point for other 

developing countries considering boosting the adoption of OSC. Additionally, it might 

assist stakeholders, government officials and academics in understanding the ecology of 

the drivers that led to the wide adoption of OSC in Egypt and consequently aid them in 

making more informed decisions about its utilization. 

2. Literature Review 
OSC is considered one of the most modern and innovative construction methods, which 

can be defined as the production of standardized or prefabricated structural components in 

an off-site facility, followed by their transportation to and installation on-site [5]. A variety 

of components can be created, including 1D single elements, 2D panelized systems and 3D 

volumetric units [6]. These components are typically made of concrete, steel frames or 

hybrid components. Similar to Lego brick assembly, the prefabricated components are 

placed on a foundation, stacked vertically and joined horizontally [7]. 
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OSC has a lot of benefits over conventional construction. The sustainability features of 

buildings can be maintained in a stable and controlled industrial environment. 

Additionally, it lowers accidents by 80% [8] and helps to improve health and safety  [4][2], 

[3]. In addition, OSC can maximize building quality [3], [9] through a quality-controlled 

production environment [8], [10]. It also encourages productivity [2] and lessens the 

industry's reliance on labor [4], cutting up to 25% of on-site labor expenditures [10], which 

reduces construction costs [8], [9]. The majority of earlier research [2], [4], [8], [9], [11], 

[12]  agreed that OSC reduces construction time. In addition, OSC is regarded as a 

superior method of construction due to its ability to incorporate all current construction 

trends, including building information modelling (BIM), lean construction and green 

building. This is the reason for extensive research in OSC recently [12]. 

Despite the advantages of employing the OSC approach, widespread adoption and 

advancement of OSC technologies are still in their unmature stages in developing 

countries [3]. The conservative culture of the construction industry and resistance to 

change [2], as well as labor unions, are challenges to the broad use of OSC [11], as they 

worry that many workers may lose their jobs as rebar, formwork and concrete workers [8]. 

3. Methodology 
This study aims to explore the most influential drivers promoting OSC usage. To meet this 

target, firstly, the drivers were identified through a literature review, followed by the 

development of a questionnaire survey to investigate key drivers enhancing the adoption of 

OSC in Egyptian projects. Finally, analysis of variance (ANOVA) and mean score (MS) 

were employed for data analysis. 

3.1 Identification of drivers 
Drivers for widespread adoption of OSC have been collected through a literature review. 

Initially, a total of 43 drivers were identified and then categorized into 9 groups, as shown 

in Table 1. This categorization theme was adapted from similar studies as [2] and [10]. 
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Table 1 Drivers of OSC adoption. 

 

 

 

Group Code Driver References 

Time D1 Less construction time [8], [13]–[16] 

D2 Minimize overall project duration [5], [7], [12] 

D3 Less unexpected delays  [5], [10], [13] 

D4 Ensure certainty of project schedule [2], [7], [17] 

D5 Minimize lead times   [2], [7] 

Cost D6 Decrease overall project cost  [12], [14], [15], [18] 

D7 Reduce on-site cost  [10], [16], [17] 

D8 Decrease whole lifecycle cost  [10], [19] 

D9 Ensure project costs certainty [10], [13], [17] 

D10 Decrease labor cost [2], [5], [16] 

Quality D11 Enhance product quality  [3], [10], [13]–[15], [19] 

D12 Promote project quality control [2], [10], [19] 

D13 Decrease defects and damages  [7], [15] 

D14 Enhance inspection and supervision [2], [17] 

Productivity D15 Maximize productivity [14], [15], [19] 

D16 Reduce site disruptions  [18] 

D17 Decrease reliance on manpower [5], [10] 

D18 Improve site operations   [14], [15], [19] 

D19 Improve on-site operations management [2], [7] 

D20 Less disruption to the surrounding community [5], [7] 

D21 Repetitive components [2] 

D22 Early design freeze [16], [17] 

Policy and 

Regulations 

D23 Existence of adequate codes and standards supporting OSC [14], [15], [18], [20] 

D24 Government initiatives and policies  [10], [14], [19]–[21] 

D25 Financial incentives   [10], [13], [21] 

Safety and 

Health 

D26 Enhance safety and health of labors   [10], [12], [19] 

D27 Decrease safety and health risks  [13], [16]–[18] 

Environmental 

Sustainability 

D28 Minimize generation of construction waste  [10], [17], [19] 

D29 Enhance sustainability  [3], [14], [15], [18] 

D30 Decrease greenhouse gas emission [19], [21], [22] 

D31 Decrease energy consumption  [7], [19] 

D32 Decrease construction dust [15], [19] 

D33 Decrease noise  [10], [19] 

D34 Produce more consistent product   [5] 

Technicality D35 Promote technologies such as BIM [5], [15], [19] 

D36 Streamline construction activities [7], [10] 

D37 Improve adaptability and design flexibility [10], [13] 

D38 Improve constructability and buildability [2], [13], [14] 

Market forces D39 Address deficits in housing supply  [3], [18], [21], [22] 

D40 Client's willingness and acceptance towards innovation [16], [17], [19] 

D41 Boost client‘s satisfaction [3], [10], [14] 

D42 Existence of skills and expertise [13], [16] 

D43 Existence of transportation infrastructure [2], [7] 
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3.2 Survey development 
To ensure that the findings did not exclusively rely on theoretical data, a questionnaire 

survey was created with the help of Egyptian construction industry practitioners. 

Individual respondents were contacted through email and requested to complete the 

survey. 

There were two parts in the survey. The first part included respondent information such as 

organization type, job position and experience years in the construction business, as well 

as experience years in OSC projects, which was deemed a filter question functioning as an 

excluding criterion for the responses. In the second part, respondents were requested to 

rank the drivers according to their level of significance on a 5-point Likert scale. This 

scale's interpretation is as follows: 1 - extremely unimportant, 2 - unimportant, 3 - neutral, 

4 - important and 5 - extremely important [14]. 

A total of 64 responses were initially received. Any response with zero years of experience 

in OSC projects is disqualified. However, the response with zero years of experience in 

OSC projects but familiar with the technique is deemed accepted. As a result, 7 responses 

were disregarded, leaving 57 valid for analysis. 

3.2.1 Sample size 
To perform statistical verification on the response rate, Equation (1) is used to determine 

the minimum number of responses required to accurately represent the total population 

[23]. 

                                             (1)  

where n is the minimum number of responses required, t is the Z-statistic for the chosen 

significant value α, s is the variance deviation estimate for the used scale, which is 

produced by dividing the scale's range by the number of standard deviations for nearly all 

feasible range values and e is the number of scale points (in this case, 5), multiplied by the 

allowed margin of error (i.e., α). This test has been applied in several earlier investigations 

using a 95% significance level, which equates to a 0.05 α value [23]. As such, the 

corresponding t value is 1.96. The relevant s value is 5/6 and the associated e value is 

(5x0.05) considering the 5-point Likert scale used. The computed n is therefore 43, as 

illustrated below:  

                                                      

                                      

Therefore, the 57 valid responses are deemed sufficient (i.e., more than 43).  

3.3 Research hypothesis 
The study's goal was to determine what factors motivate broad OSC implementation in 

Egypt. To explore the goal of this research more thoroughly in quantitative terms, one null 

hypothesis was developed. 

𝑛 = 
(1.962)  (

5
6)
2

(5 𝚡 0.05)2
= 42.68 ≈ 43 

𝒏 =
(𝒕𝟐)  (𝒔𝟐)

𝒆𝟐
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H0: There are no significant differences in the influence of the identified drivers on the 

widespread adoption of OSC in Egypt. 

Due to the respondents' diverse backgrounds, the study utilized the analysis of variance 

(ANOVA) to look for statistically significant differences in the mean values across all 

drivers. Statistical significance is whether the influence is really significant or if it could 

have been the result of error or chance. It is determined based on the rho (π) value; if the π 

-value is less than 0.05, then there is enough evidence that the data is statistically 

significant (the influence is 95% reliable) [23]. 

4. Results and analysis 

4.1  Demographic analysis 
The demographic analysis of the respondents is displayed in Figure 1. Nearly 21% of 

respondents had substantial experience (more than 20 years in the industry); 21.1% had 

experience in construction ranging from 11 to 20 years; 33.3% had experience between 6 

and 10 years; and the remaining 24.5% had experience between 1 and 5. Although there 

may have been a somewhat high percentage of participants with little experience, 75% of 

them had experience in OSC projects for at least four years, which was sufficient for this 

study. 

While 40.3% of respondents had 4 to 10 years of experience working on OSC projects, 

12.3% of respondents had more than 10 years of experience. Even though 29.8% of 

respondents only have 1-3 years of experience and 17.5% do not have first-hand 

experience with OSC buildings, the respondent profile is regarded as acceptable because it 

shows that there aren't enough professionals with extensive experience in OSC in Egypt, 

where OSC methods are still not widely applied in Egypt‘s construction sector. Therefore, 

it's important to research what motivates widespread OSC use. However, this is 

acknowledged as a limitation of this study. 

Directors make up 14% of respondents, senior managers make up 26.3%, project managers 

make up 26.3% and engineers make up 33.3%. These mixed respondent characteristics 

reduce questionnaire bias and improve sample representativeness [22].  

To measure the internal consistency of the data collected, Cronbach‘s alpha coefficient was 

computed, revealing high reliability of responses as its value (=0.96) was higher than 0.7 

[15]. 

4.2 Key Drivers of OSC adoption 

ANOVA and mean score (MS) analysis were used to conduct further analysis of the 

responses. Because the mean ranking of the respondents was necessary to adopt a 

statistical position, the MS analysis was deemed appropriate for the investigation. Similar 

previous studies ranked the drivers according to the mean rating score of the participants in 

a 5-point Likert scale survey [14]. 
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Figure 1 Demographic analysis of the respondents. 

The ANOVA results revealed that the various respondents' backgrounds agreed in the 

importance of all the drivers in enhancing the wide usage of OSC because the π -value was 

0.005 (˂0.05), consequently rejecting the null hypothesis. 

According to Table 2, maximize productivity (D15) was ranked first as the most influential 

driving force behind the widespread adoption of OSC in Egypt. In addition, promote 

project quality control (D12), minimize overall project duration (D2), enhance product 

quality (D11) and enhance inspection and supervision (D14) are the top five drivers, 

respectively. In contrast, government initiatives and policies (D24) is the least ranked 

driver. 

Table 2 MS rating of drivers. 

Rank Code Driver Group MS 

1 D15 Maximize productivity Productivity 4.035 

2 D12 Promote project quality control Quality 3.982 

3 D2 Minimize overall project duration Time 3.930 

4 D11 Enhance product quality  Quality 3.912 

5 D14 Enhance inspection and supervision Quality 3.860 

6 D1 Less construction time Time 3.842 

7 D19 Improve on-site operations management Productivity 3.807 

8 D28 Minimize generation of construction waste  Environmental 3.807 

9 D4 Ensure certainty of project schedule Time 3.737 

10 D7 Reduce on-site cost  Cost 3.737 

11 D16 Reduce site disruptions  Productivity 3.719 

12 D38 Improve constructability and buildability Technical 3.702 

13 D42 Existence of skills and expertise Market 3.702 
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14 D13 Decrease defects and damages  Quality 3.684 

15 D32 Decrease construction dust Environmental 3.667 

16 D41 Boost client‘s satisfaction Market 3.667 

17 D37 Improve adaptability and design flexibility Technical 3.649 

18 D21 Repetitive components Productivity 3.632 

19 D26 Enhance safety and health of labors   Safety and Health  3.632 

20 D27 Decrease safety and health risks  Safety and Health  3.632 

21 D18 Improve site operations   Productivity 3.596 

22 D20 Less disruption to the surrounding community Productivity 3.596 

23 D36 Streamline construction activities Technical 3.579 

24 D40 Client's willingness and acceptance towards innovation Market 3.579 

25 D29 Enhance sustainability  Environmental 3.561 

26 D8 Decrease whole lifecycle cost  Cost 3.544 

27 D9 Ensure project costs certainty Cost 3.544 

28 D34 Produce more consistent product   Environmental 3.544 

29 D43 Existence of transportation infrastructure Market 3.544 

30 D17 Decrease reliance on manpower Productivity 3.526 

31 D3 Less unexpected delays  Time 3.509 

32 D30 Decrease greenhouse gas emission Environmental 3.509 

33 D33 Decrease noise  Environmental 3.509 

34 D35 Promote technologies such as BIM Technical 3.491 

35 D10 Decrease labor cost Cost 3.474 

36 D23 Existence of adequate codes and standards supporting OSC Policy and Regulations 3.474 

37 D6 Decrease overall project cost  Cost 3.439 

38 D25 Financial incentives   Policy and Regulations 3.404 

39 D31 Decrease energy consumption  Environmental 3.404 

40 D22 Early design freeze Productivity 3.386 

41 D39 Address deficits in housing supply  Market 3.368 

42 D5 Minimize lead times   Time 3.351 

43 D24 Government initiatives and policies  Policy and Regulations 3.298 

 

5. Discussion 
The Egyptian construction sector faces various difficulties, but one of the most significant 

is productivity, which is mostly determined by labor efficiency due to the labor-intensive 

nature of the construction business. The shortage of labor monitoring and the lack of 

skilled labors are two of the top five issues influencing productivity in Egypt [24]. OSC 

offers a controlled factory environment where the work team is able to address resource 

planning issues, such as workforce variation and a shortage of skilled labors, by cross-

training to create a multi-skilled team [19]. Additionally, by transferring on-site activities 

to the factory, construction monitoring can be improved by up to 19% [10]. This clarifies 

why D15 is considered as the primary driver by the surveyed respondents, encouraging the 

key stakeholders associated with the Egyptian construction industry to consider the OSC 

technique as an alternative construction method. This is consistent with the findings of 

[14], who placed productivity first while taking the Australian market into account. Also, 

productivity was regarded by [18] as a significant driving factor. 

According to the study's findings, three of the top five drivers are from the quality group 

(D12, D11, D14), which indicates that quality-related drivers are significantly influencing 

the decision-making process to choose OSC over traditional on-site construction in Egypt. 

This result aligns with that of [16], who determined high quality as the main driver for 
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adopting modular construction in Egyptian residential projects.  The dominant position of 

the quality drivers makes sense due to the drastically declining product quality of Egypt's 

construction sector. Moreover, the fact that the quality control standards adopted in Egypt 

were inverted from those in the West and the Far East without any adaptation to the 

distinctive characteristics of the Egyptian environment has led to inadequate quality 

control standard implementation and failures to guarantee high-quality end products [25]. 

It was determined that maximizing product quality is one of OSC's main advantages. This 

can be linked to better engineering design and a controlled factory environment, where it is 

easier to achieve consistent products, unlike the traditional method, which exposes the 

production to unpredictable weather and resulting damage [7].  

In this study, D2 is one of the top three key drivers affecting the widespread adoption of 

OSC within the Egyptian context, as well it considered a critical one in other contexts such 

as the US [17], the UK [13] and Australia [14]. This observation can be explained as 

delays are becoming a common global phenomenon in almost all construction projects, 

and Egypt is not an exception [26]. Because multiple construction activities can be 

completed concurrently rather than sequentially, as is required for traditional construction, 

OSC has been shown to be a time-saving construction technology, with projects frequently 

taking 40 to 50 percent less duration to be finished [5]. In addition, the controlled factory 

environment led to less exposure to bad weather [7], and there was also fewer machinery 

onsite, reduced downtime, reduced worker mobility and just-in-time material supply [10]. 

D24 is the least influential driver encouraging OSC in Egypt, as evaluated by the 

respondents. This finding is consistent with other studies that showed government 

regulations and support had little impact on OSC adoption in the US [17] and Malaysia 

[10]. However, government policy and initiatives have been pointed out as the key drivers 

of OSC implementation in other nations, such as Hong Kong [20], which mandates the use 

of a precast façade in all typical public housing [19], [21]. In addition, the Hong Kong 

Buildings Department (HKBD) mandates that 65% of the concrete components used in 

public housing be prefabricated. As a result, the desire of local developers to embrace the 

OSC approach has been markedly raised by these programs since 2001 [15]. 

6. Conclusions, limitations, and recommendation 
Although OSC is considered a convenient solution for the challenges facing construction 

projects, it is still in its early stages of popularity, particularly in developing countries like 

Egypt. A small number of studies discussed the drivers for widespread OSC adoption, 

including a few that identified these drivers in the context of a developing country. As 

such, this research illustrates the key drivers that encourage decision-makers to choose 

OSC methods over traditional methods in Egypt. 

Firstly, a literature review was performed to identify the drivers. Then, a questionnaire 

survey was created to reflect the opinions of Egyptian industry practitioners in rating the 

43 drivers according to their importance. Consequently, some statistical analysis was 

utilized to validate the suitability and reliability of the data collected. Finally, ANOVA and 

MS were computed. The ANOVA results revealed that all the drivers are statistically 

significant in terms of influencing OSC's wider adoption. In addition, MS results indicated 

maximize productivity, promote project quality control, minimize overall project duration, 
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enhance product quality and enhance inspection and supervision as the top five drivers 

enhancing the widespread adoption of OSC in the Egyptian construction industry, 

respectively. On the other hand, government initiative and policies is the least important 

factor. As well, these findings are consistent with earlier studies. 

One limitation of this study is that the opinions of stakeholders may vary over time during 

the various development stages of OSC; the results of this study represent only the 

stakeholders‘ opinions regarding the initial development stage of OSC. Continuous studies 

on OSC adoption are required to continuously track the perspective of stakeholders 

towards OSC so that the promotion schemes of OSC can be altered accordingly. Although 

the priority of the drivers may vary depending on the project type, this should be 

considered in future studies. Additionally, future studies may use fuzzy and sensitivity 

analysis to investigate the link between the drivers in more detail. 

However, the experts participating in this study did not consider the policy- and 

regulations-related drivers to be currently significant drivers of OSC diffusion. It is 

recommended that the government take the lead in motivating construction firms and 

developers to use OSC in all new projects by providing incentives such as subsidies on 

land prices. Moreover, manufacturers and researchers have a significant role in enhancing 

OSC; thus, the development of eligible manufacturers and the allocation of more funds for 

research institutions are needed.  
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