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Abstract
[bookmark: _Hlk120471649]Quality assurance (QA) of Cross-border construction logistics and supply chain (Cb-CLSC) is anticipated to promote regional connectivity of country borders. However, the complexities involved have been worsened amid the coronavirus (COVID-19) pandemic. Among the ongoing academic discourses concerning the impact of the pandemic on relevant areas in construction, previous studies have not paid attention to the impact of the pandemic on the QA of Cb-CLSC. This study, therefore, aims to examine the QA practices of Cb-CLSC amid the pandemic by adopting an embedded mixed method design involving a comprehensive desk literature review and experts across the Hong Kong–Mainland China links, a typical Cb-CLSC context. The study revealed 10 critical QA practices of Cb-CLSC, with the top five comprising the “understanding requirements, norms, and standards of quality”, “assigning clear responsibilities to qualified workers”, “recording and documenting work processes, steps, project routine, and seamless implementations”, “keeping close contact with clients to realise their demands”, and “strategic planning based on client requirements and corporate capability”. This attained a 55% agreement percentage, a relatively good agreement between experts in the industry and academia based on their ranking of the QA practices. Sentiment analysis of the QA practices of Cb-CLSC amid the pandemic denoted the impacts of the pandemic to be largely neutral, i.e., the created opportunities neutralise the negative impacts. This study then contributes theoretically and practically by empirically revealing the critical QA practices of Cb-CLSC and deepening the understanding of the pandemic’s impacts on them to practitioners, researchers, and policymakers. This may help develop innovative approaches and make effective operational decisions to adequately position the QA practices of Cb-CLSC for the post-pandemic era and endure the risks of future pandemics.
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1 Introduction
[bookmark: _Hlk132104532]The pursuit for regional connectivity of countries/borders has promoted Cross-border construction logistics and supply chain (Cb-CLSC), which is the interrelated processes and activities involving contractors and suppliers between two countries/borders, requiring one to perform construction services in other countries (Mawhinney, 2008). The Hong Kong–Mainland China links have been no different since 1979, largely due to the global economic restructuring in the post-Fordist era, where the enclave of Hong Kong plays an indispensable role in the process (Chan, 1998). As such, performing quality assurance (QA) on projects has been critical as it assures confidence in the project to perform satisfactorily during the entire service life, as well as meeting pre-stated standards and requirements (International Organisation for Standardisation [ISO], 1994). With QA being integrated into Cb-CLSC, it regulates the construction processes and services (i.e., process-oriented) to prevent side-stepping (Chung, 2022) depending on management’s effective review of events. This distinguishes QA from quality control (ReQtest, 2016), though sometimes used in tandem. QA is process-oriented and focuses on improving processes and methodologies to develop a quality project by engaging every member of an organisation toward avoiding defects (proactive measure), whereas quality control is product-oriented and focuses on improving the end products by identifying the defects and fixing them (reactive measure), which involves the engagement of specific teams that test the products (ReQtest, 2016; Hamilton, 2023). However, quality control may be a significant part of the QA processes toward a project, where individual completed sub-works are inspected and tested to ensure quality before moving to the next sub-works (ASQ, 2015). QA and quality control, therefore, work together to satisfy the quality expectations of a project, but they have different focuses. To achieve adequate QA of Cb-CLSC, there must be effective collaboration and communication among all stakeholders, in and outside a specific border. This has been noted with complexities that must be considered when conducting QA on cross-border projects. 

The sudden occurrence of the coronavirus pandemic disease (COVID-19) (World Health Organisation [WHO], 2020) has worsened the complexities in conducting the QA of Cb-CLSC by disrupting the supply chain in the construction sector. The COVID-19 mitigation measures, though they have helped achieve steady recovery (Office for National Statistics [ONS], 2021; Eurostat, 2022), have also impeded the movement between countries/borders during QA; hence, disrupting the close coordination and interaction of workers, communication, work execution, material supply, manufacturing, and the human resource availability (McKinsey and Company, 2020; Morris, 2020; Li et al., 2022). As the COVID-19 impact is significant, it is worth noting that the QA of Cb-CLSC has been problematic, varying from organisation to organisation. Nonetheless, the baseline can be drawn toward the ISO 9000/9001, which stipulates the model for QA in design, development, production, installation, and service. As the QA is critical in the study’s context, the academia could report critical QA practices, which have been an existential issue, based on effective collaborations with the industry. 

Furthermore, since the pandemic’s debut, there have been ongoing discourses about the pandemic not being wholly negative in the construction industry but rather having positive impacts depending on how organisations capitalise on the opportunities (Ghansah and Lu, 2023). For instance, Onubi et al. (2022) examined the impacts of the pandemic on health and safety management by moderating the effects of the project size on the relationship between the safety protocols and the economic performance of projects. Soliman et al. (2022) also examined the pandemic’s impact on workforce management by considering labour’s motivational factors and construction productivity. Sharma et al. (2022) focused on the survivability of sustainable supply chains during the pandemic and post-pandemic by developing an enhancement framework. Other studies have also generally considered the impact of the pandemic on the construction project management lifecycle (Simpeh and Amoah, 2021; Niroshana et al., 2022; Artpairin and Pinmanee, 2022; Gupta and Singh, 2021). However, among the ongoing discourses concerning areas in construction, previous studies have not paid attention to the impact of the pandemic on the QA of Cb-CLSC, which the pandemic has severely disrupted. Tackling this issue commences with identifying and understanding the critical QA practices of Cb-CLSC, which has also been an existential problem. By bringing this problem into light, this study could help position the QA practices adequately for the post-pandemic era and endure the risks of future pandemics by harnessing the created opportunities to devise innovative approaches and make effective operational decisions. 

This study thus aims to examine the QA practices of Cb-CLSC amid the pandemic by achieving two main objectives: (1) identify the critical QA practices of Cb-CLSC and (2) perform sentiment analysis on the critical QA practices. The objectives are achieved by adopting an embedded mixed method design consisting of a literature review, survey, and interview from experts within the Hong Kong-Mainland China links, which is a typical case. The embedded mixed method design is a good approach due to the study’s limited time in taking the data (Yu and Khazanchi, 2017; Creswell and Clarke, 2017), and it allows one method to lead the analysis with the secondary method providing addition and complementary information (Edmond and Kennedy, 2017). The study, thus, not only contributes to a better understanding of the QA practices and their sentiments amid the pandemic but is also important to the QA front-liners, such as quality engineers, quality managers, etc., and policymakers in developing innovative and operational decisions to position the QA of Cb-CLSC adequately for the post-pandemic era and to endure the risks of future pandemics. Also, the results of this study can be used as a basis for further research to identify the critical challenges and resultant impacts of the pandemic on the QA of Cb-CLSC toward developing an effective managerial framework to adequately position the QA systems for the post-pandemic era and endure the risks of future pandemics. The paper is therefore structured as follows. Following the introduction are the literature review, research method, data analyses and results, discussion, and conclusion.

2 Literature Review 
2.1 QA of Cb-CLSC
Cb-CLSC promotes regional connectivity of countries/borders, encouraging international trade and the construction market. It includes interrelated construction services such as border crossing, duties, track record, and proper transportation (Pilatowska, 2021). Cb-CLSC is jointly mentioned with terms such as cross-border construction, logistics and supply chain; thus, important to acknowledge the differences (Pilatowska, 2021). In literature, different terms have been adopted to refer to the concept of Cb-CLSC, and these include “cross-border project” (European Commission, 2001), “international construction” (Gizaw, 2021), and “foreign construction market” (Arditi and Gutierrez, 1991). However, for this study, the definition of Cb-CLSC by Mawhinney (2008) is adopted due to its clarity and simplicity to the “layman” and is defined as “where one company, resident in one country, performs construction works in another country”. 

Cb-CLSC has the characteristics of long-distance transportation, usually multimodal transportation. It is complex but critical for improving the regional connectivity of countries/borders and promoting international trading and construction. Cb-CLSC consists of interrelated stages, including the designing, construction, and the other stages involving project delivery to the client (Behera et al., 2015). This is typical of traditional construction. For modular construction projects, an alternative to traditional construction projects, the interrelated phases may involve the designing, production, storage, cross-border logistics, onsite storage and assembly (Yang et al., 2021). For Cb-CLSC, Construction work and services are carried out by various subjects from different countries, where the subjects may refer to legal persons or multinational firms (Gizaw, 2021). Due to the various subjects involved at different stages in handling the projects under Cb-CLSC, QA must be conducted.

The project management body of knowledge (PMBOK, 2017) termed QA as part of an organisation’s quality system that ensures project deliverables meet planned quality standards and requirements. Thus, termed “manage quality”, though it could be a broad term in non-project works. QA ensures that projects meet all quality requirements consisting of client, statutory, and organisational requirements (ISO, 1994). QA is process-oriented as specified in ISO 9001:2015, and it maintains consistent quality in construction by avoiding mistakes and errors in the first instance. Such preventive measures must be ensured in an organisation from the top-down and the bottom-up levels by minimising managerial risks and communication issues that affect project quality. For this study, it is important to acknowledge the significant difference between QA and quality control, mostly used in conjunction in literature, considering a set of specific factors as shown in Table 1. Quality control may be a significant part of the QA processes toward a mega project, where individual completed sub-works are inspected and tested to ensure quality before moving to the next sub-works (ASQ, 2015). QA and quality control, therefore, work together to satisfy the quality expectations of a project under Cb-CLSC, but they have a different focus. Consequently, this study adopts the definition of QA by the PMBOK (2017), supported by the ISO because of its international acceptance.
Table 1: Similarities and Differences Between QA and QC
	Factor
	QA
	Quality Control

	Definition
	Implementation of processes, methodologies and standards that ensure that the product developed will be up to the required quality standards.
	Set of activities that are carried out to verify the developed product meets the required standards.

	Target
	Focuses on the improvement of processes and methodologies used to develop a product.
	Focuses on the improvement of the product by identifying the bugs and issues.

	Orientation
	Process-oriented.
	Product-oriented.

	Nature of process
	A preventive process as it establishes the methods which prevent the bugs.
	A corrective process as it focuses on identifying the bugs and getting them fixed.

	Verification and validation
	Verifies you are doing the right thing in the right manner.
	Validates the product against the requirements.

	Measurements
	Creates the systems to measure and control quality to create confidence that quality products will be produced.
	Measures the quality level of individual products and accepts/rejects them based on the criteria developed by QA.

	Persons involved
	All the persons involved in the project, starting from the requirements.
	Responsibility of the quality control inspector or the testing team that finds the issues.

	Tools and techniques
	Defining processes, quality audit, selection of tools, and training.

	Examples 
	Include process checklists, process standards, process documentation and project audit.
	Include inspection, deliverable peer reviews and the software testing process.


Source: (ReQtest, 2016; Roseke, 2022; Hamilton, 2023)

Conducting QA of Cb-CLSC is highly dependent on the quality management system of an organisation, and this embraces the organisational resources, structure, and procedures (ISO, 1994; Lee et al., 2022). Chung (2002) asserted that QA integration into the supply chain of Cb-CLSC regulates operations and services, preventing side-stepping and errors from quality requirements. A concerted effort is needed for an effective QA of Cb-CLSC by ensuring everyone knows what they are expected to perform and what their colleagues are doing (Chung, 2002; Thorpe and Sumner, 2017; Montoya-Torres et al., 2021). This denotes that QA, though there are front-liners like quality engineers, quality managers, etc., is a collective responsibility of all workers in an organisation. However, the QA of Cb-CLSC has been challenging, varying from organisation to organisation. Many researchers, in collaboration with the industry, have reported on the quality management practices in the construction industry (Nyakala, 2017; Thorpe and Summer et al., 2017), but none have tailored the study to the unique QA practices of Cb-CLSC. A comprehensive desk literature review of mostly peer-reviewed articles identified 14 potential QA practices of Cb-CLSC, as illustrated in Appendix S1. Among the potential QA practices, it is noted that the baseline can be drawn toward ISO 9000/9001, which stipulates the model for QA in design, development, production, installation, and service (Kafetzopoulos and Gotzamani, 2014; Budayan and Okudan, 2022). The study adopted Deming’s management model to define the potential QA practices in adequately fitting the Cb-CLSC (Deming, 1986; Anderson et al., 1994; Barone, 2022). However, there could be correlations among the potential QA practices of Cb-CLSC. 

In a typical Cb-CLSC, the consultant, the inspector, the client representative, the government-authorised agencies, and other qualified personnel may need to travel offshore to foresee the quality of the construction project/material. Lu et al. (2022) demonstrated a specific case for modular construction between Hong Kong and the Guangdong Province of Mainland China, where authorised persons and client representatives are dispatched offshore to verify and accept the quality of modular components. This process becomes problematic, especially when there is a black swan event, which is beyond what is normally expected of a situation and potentially has severe consequences. This may include pandemics, wars, and the like.

2.2 COVID-19 Outbreak and its Effects on Construction: Pandemic Era
COVID-19 was declared a pandemic in March 2020 (WHO, 2020) and has gained a global transmission rate, recording nearly 600,000,000 confirmed cases and 6,436,519 deaths (WHO, 2022). Countries worldwide have recorded their shares in this global transmission, which has impacted the travel rate from one country to another due to death, fear, and panic. Thanks to visionary stakeholders, the transmission rate of the pandemic has been understood, and appropriate strategies and restrictions have been devised to ensure a safe workplace environment (WHO, 2020). As a result, some countries have noted the pandemic to be normal and have eased restrictions, while others are still adhering to restrictions and continue to handle the spread of the virus. 

The COVID-19 mitigation measures, while stabilising the spread of the pandemic, have caused disruptions in activities across industries. Specifically, the construction industry has been severely hit by the pandemic (McKinsey and Company, 2020; Li et al., 2022), along with mitigation measures such as the lockdown, travel restrictions, etc. This is due to the nature of activities, which requires interactions with co-workers and construction materials on sites (American Industrial Hygiene Association [AIHA], 2020). A study published in April 2020 reported that 8.3% of the 5.9 million construction workers were exposed to the virus once a month (Baker et al., 2020). The high risk of getting infected (Karwasra et al., 2021) has raised fear and panic in the construction industry during task execution. As such, Morris (2020) reported on challenges such as delay and suspension of projects, cancellation of planned and new projects, supply chain disruptions, operational restrictions, labour shortages, and financial problems. Greater concerns have been raised on cross-border projects, affecting related construction practices such as QA.

2.3 Knowledge Gap
Overall, studies on the pandemic’s impacts on the construction industry have been limited by not considering the systematic based research regarding the pandemic’s impacts on the QA practices of Cb-CLSC. For instance, Onubi et al. (2022) examined the impacts of the pandemic on health and safety management by moderating the effects of the project size on the relationship between the safety protocols and the economic performance of projects. Soliman et al. (2022) also examined the pandemic’s impact on workforce management by considering labour’s motivational factors and construction productivity. Sharma et al. (2022) focused on the survivability of sustainable supply chains during the pandemic and post-pandemic by developing an enhancement framework. Other studies have also generally considered the impact of the pandemic on the construction project management lifecycle (Simpeh and Amoah, 2021; Niroshana et al., 2022; Artpairin and Pinmanee, 2022; Gupta and Singh, 2021). However, existing empirical studies have not yet examined the QA practices of Cb-CLSC amid the pandemic to position it appropriately. Tackling this issue commences with identifying and understanding the critical QA practices of Cb-CLSC, which has been an existential problem. This is a vital part of research if a researcher wants to understand the pandemic’s impact on the QA in the study context. As such, there is a current need to identify the critical QA practices of Cb-CLSC based on the experts’ views and examine their sentiments on the QA practices amid the pandemic. Therefore, this study aims to identify and examine the critical QA practices of Cb-CLSC amid the pandemic by engaging experts in the Hong Kong–Mainland China links. This knowledge would assist in devising strategies to make the QA of Cb-CLSC adequate for the post-pandemic era and to endure the risks of future pandemics (Liu et al., 2022; Ghansah and Lu, 2023).

3 Research Methods
This study adopted the embedded mixed method design, where qualitative and quantitative data are collected and analysed within traditional quantitative research design (Creswell and Clarke, 2017), following a four-step research process, as shown in Figure 1.
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Figure 1: Research Workflow

3.1 Identification of Potential QA Practices of Cb-CLSC
Desk study engaging literature review was adopted for this study following two rounds. The first round included keywords (see Appendix S1) which were entered to find relevant literature in Google Scholar, Scopus, and Web of Science databases. However, research on the QA practices of Cb-CLSC was lacking as well as its status in the pandemic era. In this preliminary search, it is necessary to identify the possible QA practices of Cb-CLSC.  Thus, the second round of research was performed to identify the QA practices among collected studies and tailor them to fit in the context of Cb-CLSC. To attain a comprehensive list of QA practices for Cb-CLSC, ISO 9001:2015 was engaged due to its international institutionalisation. Deming’s management model also aided in understanding the best QA practices needed for Cb-CLSC. Consequently, 14 potential QA practices of Cb-CLSC were proposed (see Appendix S1), and these would be tested to understand the impacts of COVID-19 based on experts’ views.

3.2 Data Collection
Grounded on a comprehensive desk literature review, an initial questionnaire survey was developed, capturing the 14 potential QA practices of Cb-CLSC. The intention is to determine the consensus level on the potential QA practices in the context of Cb-CLSC, considering the experts’ views from academia and the industry, and subsequently, determine their sentiments amid the pandemic. A questionnaire allowed empirical data to be collected from the Hong Kong–Mainland China links, ensuring experts’ anonymity and data confidentiality. The Likert Scale was adopted to rank the potential QA practices in terms of agreement and sentiment level due to its introduction of minimal response bias, viz: level of agreement (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree) and level of sentiment (1=negative, 2=neutral, 3=positive).

A pilot study was conducted to check the comprehensiveness and relevance of the QA practices for Cb-CLSC by involving valuable responses from five experts (two quality inspectors [one from Hong Kong and the other from Mainland China] and three academicians [two Assistant Professors from Hong Kong and one Professor from Mainland China]). The valuable comments helped redefine the 14 potential QA practices into 10 (see Table 2), informing the final questionnaire (see Appendix S4). The interview questions were also piloted to have refined questions to attract experts’ participation (see Appendix S5). 

Table 2: Redefined list of Potential QA practices of Cb-CLSC after the Pilot Test
	[bookmark: _Hlk120615829]No
	Proposed QA practices
	References

	QAP1
	Clearly defining responsibilities based on the quality requirements.
	1,2,3

	QAP2
	Assigning clear responsibilities to qualified workers.
	1,3,4,5

	QAP3
	Understanding requirements, norms, and standards of quality.
	6,7

	QAP4
	Keeping close contact with clients to realise their demands.
	8,9,10,11

	QAP5
	Providing quality training for workers toward project execution.
	6,12,13,14,15,16

	QAP6
	Maintaining quality standards.
	6,7

	QAP7
	Recording and documenting work processes, steps, project routine, and seamless implementations.
	17,18

	QAP8
	Communicating and coordinating with other workers to obtaining information about the project.
	6,19,20,21

	QAP9
	Strategic planning based on client requirements and corporate capability.
	1,8,9,3,22

	QAP10
	Analysing results of work operations and quality records.
	6,12


For detailed references, see Appendix S2

The study population consisted of construction QA experts (both academia and industry practitioners) with relevant practical experience within Hong Kong and Mainland China. As QA is a collective effort in construction organisations, experts such as project managers and construction managers were also engaged. This follows the concept of “expert” as defined by Cabaniss (2022). Because there is no central database for construction QA, a non-probability sampling technique known as purposive sampling was adopted by targeting the experts with knowledge and experience in the subject matter.

Experts were considered if (1) they had extensive experience and were theoretically versed in the construction QA processes, (2) they had sufficient direct hands-on experience in construction QA, and (3) they had been involved in at least QA processes in their organisation. Overall, the expert must be in either Hong Kong or Mainland China. The academic experts were also identified from highly recognised peer-reviewed journals which have contributed to the field of QA in the construction industry, whereas the industry practitioners were identified from construction companies in Hong Kong and Mainland China. Websites of some professional associations in Hong Kong and Mainland China were searched via LinkedIn and direct company webpage to retrieve contact addresses of industry practitioners. Also, the snowball sampling technique was engaged for practitioners to help direct the researcher to other potential experts. The questionnaire survey was then distributed online using “Qualtrics XM” via personalised emails to allow online responses. This was conducted along with the interview questions and consent forms to pave the way for the interview session via a virtual platform using Zoom and WeChat. The duration for data collection lasted five to six months. Several reminders were sent throughout the data collection period, prompting the experts to respond to the survey and attend an interview session if available.

The total number of questionnaires distributed within the enclave of Hong Kong and Mainland China was not determined as humble appeals were requested to pass on the questionnaire to any other appropriate experts who know the study’s context. However, an approximate value of 200 online questionnaires could be estimated for the distribution. Fifty-two (52) responses were finally retrieved from the experts. A limitation of this approach is the accurate estimation of the response rate, as the survey was possibly forwarded to other potential experts by some of the respondents. Nonetheless, it is generally suggested scientifically and agreed among scholars that a minimum sample size of 30 could be appropriate for analysis (Ott and Longnecker, 2015). Thus, the 52 responses could be considered relatively high for analysis in this study. Nonetheless, six interviews were conducted to derive deep insight into the impacts of the pandemic on the QA practices of Cb-CLSC, meeting the minimum requirement required for a qualitative study: 5-50 participants (Dworkin, 2012).

4 Data Analyses and Results
The collected data was first cleansed to remove uncompleted responses. Data analysis was conducted using the Statistical Package for the Social Sciences (IBM–SPSS), version 27. The analysis techniques include Cronbach’s Alpha test, normality test, descriptive analysis, inferential analysis (Mann-Whitney U test, rank agreement test, Spearman’s correlation test), and sentiment analysis. Before that, a preliminary demographic analysis is performed to understand the profile of respondents using frequency and percentages.

4.1 Demographic Profile of Experts
Figure 2 details the profile of the experts engaged in the survey, whereas Table 3 presents the profile of the interviewees. Overall, in the Hong Kong–Mainland China links, the experts constituted 44.23% from Mainland China and 55.77% from Hong Kong. The response rate of experts from the academia was 23.09%, a good survey response reflecting the consent of the academia (Cleave, 2020), while the industry was 76.92%, across Hong Kong–Mainland China links with specialities, such as academics, quality auditing, and quality engineering. It also engaged authorised persons from the governments, client representatives, and others. The “others” included other team members deemed essential in the QA process, i.e., project managers, construction managers, and site supervisors. Most experts had years of work experience from 1–10 years either by research or industry experience, and few had work experience from 11–20 years. The detail of their distribution across the Hong Kong-Mainland China link is illustrated in Figure 2. With the interviewees, experts were noted to be highly qualified with academic certificates and work experience from two to ten years across Hong Kong and Mainland China.
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Figure 2: Demographic Profile of Experts from the Survey

Table 3: Profile of Interviewees
	Interviewee
	Position
	Qualification
	Years of Experience
	Interview type
	Country

	A
	Quality inspection officer
	BSc
	Five years
	Virtual_(WeChat)
	China

	B
	Quality inspection officer
	MSc
	Two years
	Virtual_(WeChat)
	Hong Kong

	C
	Quality manager
	MSc
	Ten years
	Virtual_(Zoom)
	Hong Kong

	D
	Director of Quality Management System Department
	MSc
	Four years
	Virtual_(WeChat)
	China

	E
	Quality officer (In charge of logistics)
	BSc
	Two years
	Virtual_(WeChat)
	China 

	F
	Quality Engineer
	BSc
	Seven years
	Virtual_(Zoom)
	Hong Kong



4.2 Cronbach’s Alpha (CA) Test, 
With the main data, the reliability test was conducted using CA to measure the internal consistency of the data by comparing the results to the rule of thumb: a CA value<6.00 connotes low reliability, and it is unacceptable; 0.60-0.80 means moderate and acceptable; and finally, 0.80-1.00 connotes very good, depicting higher internal consistency and validity of the data (Pallant, 2001). The CA for this study’s measurement scale was estimated: level of agreement (0.91) and level of sentiment (0.83). This depicts an excellent internal consistency among the data. Hence, further analysis can be conducted.

4.3 Normality Test and Descriptive Analysis
The Kolmogorov-Smirnov (K-S) test, with the associated thumb rule (Mishra et al., 2019) adopted for this study, denoted the dataset not to be normally distributed (see Table 4). A descriptive analysis using the mean score was adopted to measure the central tendency of the QA practices, whilst the standard deviation (SD) measured the level of variability and dispersion among the expert responses (Kenton, 2019). The lower SD prevails when there is an equal mean score among two or more QA practices. Based on the mean score, the normalised score was calculated to determine the level of criticality of the QA practices based on the experts’ responses. Hence, a normalised score ≥0.50 is deemed more critical (Adabre et al., 2020). Table 4 depicts the descriptive analysis outcome, whilst the mean confidence level at 95% is shown in Appendix S6.

4.4 Disparity Test
Due to the non-parametric nature of the dataset, the Mann-Whitney U (M-WU) test was adopted to assess the degree of association of the experts’ rankings of the QA practices of Cb-CLSC based on the level of agreement from the perspective of academia and industry practitioners within Hong Kong–Mainland China links. Using the M-WU test, the null hypothesis, H0, is that there is no significant disparity vis-à-vis the level of agreement on the QA practices of Cb-CLSC among the two groups (academia and industry). The H0 can be rejected if the P-value is less than or equal to the significant level of 0.05. Table 4 summarises the results of the disparity test between academia and the industry.
2

Table 4: Descriptive, Kolmogorov-Smirnov, and Mann-Whitney test statistics
	[bookmark: _Hlk120614785]

Code
	
	Overall
	
	China
	
	Hong Kong
	
	Kolmogorov-Smirnova (KS)
	
	Mann-Whitney U

	
	
	Mean
	SD
	Ns
	Rank
	
	Mean
	SD
	Ns
	
	Mean
	SD
	Ns
	
	KS stat.
	Sig.,
P-value
	
	U stat
	W
	Z
	P-value

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	QAP1
	
	4.06
	1.09
	0.69
	7
	
	4.26
	1.10
	0.75
	
	3.90a
	1.08c
	0.63
	
	0.31
	0.00
	
	202.50
	1022.50
	-0.871
	0.38

	QAP2
	
	4.08
	1.06
	0.77
	2
	
	4.35a
	1.07
	0.84b
	
	3.86
	1.03
	0.62
	
	0.29
	0.00
	
	234.50
	1054.50
	-0.128
	0.90

	QAP3
	
	4.21
	1.04
	0.80
	1
	
	4.35a
	0.98
	0.84b
	
	4.10
	1.08c
	0.78
	
	0.28
	0.00
	
	229.50
	1049.50
	-0.249
	0.80

	QAP4
	
	3.92
	0.99
	0.73
	4
	
	3.96
	0.83
	0.74
	
	3.90a
	1.11
	0.73b
	
	0.33
	0.00
	
	232.50
	1052.50
	-0.178
	0.86

	QAP5
	
	3.75
	1.12
	0.69
	9
	
	3.52
	0.99
	0.63
	
	3.93
	1.19
	0.73b
	
	0.30
	0.00
	
	179.00
	999.00
	-1.383
	0.17

	QAP6
	
	4.02
	0.90
	0.67
	10
	
	3.87a
	0.87
	0.62
	
	4.14
	0.92
	0.71
	
	0.24d
	0.05
	
	238.00
	1058.00
	-0.046
	0.96

	QAP7
	
	3.94
	0.99
	0.74
	3
	
	3.87a
	0.97
	0.72
	
	4.00
	1.00
	0.75
	
	0.24d
	0.00
	
	213.50
	1033.50
	-0.608
	0.54

	QAP8
	
	3.77
	1.04
	0.69
	8
	
	3.43
	0.90
	0.61
	
	4.03a
	1.09
	0.76
	
	0.27d
	0.00
	
	218.50
	1038.50
	-0.489
	0.63

	QAP9
	
	3.88
	0.94
	0.72
	5
	
	3.78
	0.95
	0.70
	
	3.92
	0.94c
	0.73
	
	0.27d
	0.00
	
	201.00
	279.00
	-0.901
	0.37

	QAP10
	
	3.79
	1.04
	0.70
	6
	
	3.48
	1.08
	0.62
	
	4.03a
	0.94c
	0.68
	
	0.30
	0.00
	
	230.00
	1050.00
	-0.227
	0.82


[bookmark: _Hlk120114484]Note: Ns=Normalisation score=(actual mean–minimum mean)/(maximum mean-minimum mean), only normalisation scores ≥0.5 are deemed critical by the experts; SD=Standard deviation; W=Wilcoxon; Ranking based on the normalised score; P-value (Asymp. Sig. (2-tailed)≤0.05; degree of freedom for KS(df)=52 for all variables; aEqual mean; bEqual normalised score, wherein “QA practice” with low SD is ranked higher; cEqual SD; dEqual KS scores. 

Table 5: Agreement Analysis
	
Code
	
	Academia
	
	Industry
	
	Agreement Analysis

	
	
	Mean
	SD
	Rank
	
	Mean
	SD
	Rank
	
	Ri
	∣ (Ri1 – Ri2)∣
	∣Ri – Rj2∣

	QAP1
	
	4.00
	1.09
	4
	
	4.25a
	1.14b
	1
	
	5
	3
	5.8

	QAP2
	
	4.05
	1.11
	2
	
	4.17
	0.98
	4
	
	6
	2
	4.8

	QAP3
	
	4.20
	1.02
	1
	
	4.25a
	1.14b
	1
	
	2
	0
	8.8

	QAP4
	
	3.93a
	0.94
	7
	
	3.92
	1.17
	7
	
	14
	0
	3.2

	QAP5
	
	3.63
	1.17
	10
	
	4.17
	0.84
	3
	
	13
	7
	2.2

	QAP6
	
	4.03
	0.86
	3
	
	4.00a
	1.04
	5
	
	8
	2
	2.8

	QAP7
	
	3.93a
	0.92
	6
	
	4.00a
	1.21
	6
	
	12
	0
	1.2

	QAP8
	
	3.75
	1.03
	9
	
	3.83a
	1.12
	8
	
	17
	1
	6.2

	QAP9
	
	3.95
	0.93
	5
	
	3.67
	0.99
	10
	
	15
	5
	4.2

	QAP10
	
	3.78
	1.03
	8
	
	3.83a
	1.12
	8
	
	16
	0
	5.2

	Total
	
	

Rj = 
	
	


aEqual mean; bEqual SD, where QA practices with equal SD are ranked the same.
4.5 Rank Agreement Analysis
Rank agreement analysis was then deployed in this study to determine the level of consensus between the two experts (academia and the industry) on the ranking of the QA practices of the Cb-CLSC. This approach has been adopted in construction management literature for similar situations (Zhang, 2005; Adabre and Chan, 2019). The rank agreement is a quantitative method that uses the “rank agreement factor” (RAF) (Zhang, 2005). The RAF shows “the absolute difference in the ranking of factors between two groups” (Zhang et al., 2005). Relating to the two groups of respondents: the academia (Group 1) and the industry practitioners (group 2). Let the rank of a QA practice within group one be Ri1 while the same QA practice within group two be Ri2. N is the number of QA practices in each component, and the number of groups (which in this case is 2) is represented by k. Then, (Ri1-Ri2) of a QA practice is the difference in ranks obtained from the two groups – academia and industry. Ri of a QA practice is the sum of the ranks of the QA practices from academia and the industry. The following equations could be used to determine the RAF (Okpala and Aniekwu, 1988; Zhang, 2005; Adabre and Chan, 2019):

Ri =                                       (1)

Where Rij = sum of the ranks given to QA practice by the two different groups.

The mean value of the total ranks (Rj2) is given by
Rij =                                    (2)

RAF =                           (3)

The maximum rank agreement factor (RAFmax) is given by
RAFmax =                       (4)

The percentage disagreement (PD) is given by
PD =                    (5)

The percentage agreement (PA) is given by
PA = 100 – PD                                    (6)

For this study, 
PD =   = 45.045 = 45%

Therefore, PA = 55%
Table 5 provides the rank agreement analysis on the ranking of the QA practices of Cb-CLSC. Overall, the PA for the 10 critical QA practices of Cb-CLSC is 55%, showing a relatively good agreement between the experts from academia and the industry in the Hong Kong–Mainland China links.

4.6 Spearman’s Correlation Test
Due to the non-parametric nature of the dataset, Spearman’s correlation test was conducted to measure how the QA practices in this context correlate among themselves based on the rankings by the experts. With this, the rule of thumb states that the coefficient should be between a value of +1 and -1, where -1 indicates a perfect negative correlation and +1 indicates a perfect positive correlation (Sloan and Angell, 2015). This is situated at a statistical significance of P-value≤0.05. Table 6 summarises the results of Spearman’s correlation test for this study.

Table 6: Spearman’s correlation (ρ) Matrix
	 Code
	QAP1
	QAP2
	QAP3
	QAP4
	QAP5
	QAP6
	QAP7
	QAP8
	QAP9
	QAP10

	QAP1
	1.00
	 
	 
	 
	 
	 
	 
	 
	 
	 

	QAP2
	0.78**
	1.00
	 
	 
	 
	 
	 
	 
	 
	 

	QAP3
	0.53**
	0.71**
	1.00
	 
	 
	 
	 
	 
	 
	 

	QAP4
	0.46**
	0.50**
	0.57**
	1.00
	 
	 
	 
	 
	 
	 

	QAP5
	-0.07
	0.08
	0.27
	0.25
	1.00
	 
	 
	 
	 
	 

	QAP6
	0.17
	0.30*
	0.49**
	0.728**
	0.423**
	1.00
	 
	 
	 
	 

	QAP7
	0.21
	0.45**
	0.62**
	0.66**
	0.53**
	0.67**
	1.00
	 
	 
	 

	QAP8
	0.195
	0.22
	0.44**
	0.62**
	0.51**
	0.64**
	0.647**
	1.00
	 
	 

	QAP9
	0.32*
	0.55**
	0.64**
	0.54**
	0.34*
	0.56**
	0.52**
	0.60**
	1.00
	 

	QAP10
	0.07
	0.20
	0.41**
	0.55**
	0.47**
	0.78**
	0.72**
	0.76**
	0.60**
	1.00


[bookmark: _Hlk120528154]For P-values [Sig. (2-tailed)], see Appendix S7. 
**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

4.7 Sentiment Analysis
Finally, sentiment analysis is conducted on the critical QA practices of Cb-CLSC amid COVID-19 by testing the experts’ views and feelings. This adopted the negative-neutral-positive model (Ferrara and Yang, 2015), as illustrated in Figure 3. Sentiment score based on mean score analysis is conducted to determine the central tendency sentiments on the QA practices of Cb-CLSC. The normalised sentiment score is then calculated to determine the level of criticality (≥0.5) of the sentiment level by the experts on the QA practices amid the pandemic (Adabre et al., 2020). 
[image: Chart, bar chart

Description automatically generated]
Figure 3: Sentiment Analysis of Experts’ View Based on the Survey.


Content analysis of the interview data supplements the results of the survey-based sentiment analysis of this study to get a deeper insight into the real impacts of COVID-19 on the QA practices of Cb-CLSC. The valuable responses from interviewees on the QA of Cb-CLSC have been evaluated and summarised in Table 7.

Table 7: Sentiment Analysis from the Interview Data
	[bookmark: _Hlk120268621]Interviewee
	Response
	Remarks

	A
	· “Engineering materials transport depends on epidemic prevention and control measures in different countries or areas; this affected the continuity of our testing, increasing the time cost”
	

	
	· “The pandemic has stimulated the application of intelligent detection, Internet, Internet of things and other technologies in quality management, and promotes the development of construction project quality management”
	

	B
	· “The project was suspended, so the project quality testing was not carried out”
	

	
	· “The rise of prefabricated buildings will replace the traditional architectural model, which also puts forward higher requirements for the building quality, such as standing out in the same architectural environment”
	

	C
	· “The slower pace of production operations has increased project quality monitoring cycles, increased risk of schedule defaults and difficulties in delivering raw materials”
	

	
	· “The pandemic has contributed to the digital transformation of the way quality management is carried out and improves the automation of quality monitoring”
	

	D
	· “The current quality testing work is more complicated than the previous testing work, with more related requirements, such as the need to disinfect cross-border prefabricated components”
	

	
	· “Under the epidemic prevention and control policy, if the management personnel cannot be present, fully automated digital quality management is necessary”
	

	E	
	· “Our experts are unable to directly travel between the territories (Hong Kong and Mainland China). If we must travel, we need to be quarantined according to the policy, which increases the labour cost in the factory”
	

	
	· “If the epidemic continues, online monitoring of logistics movement may be the future”
	

	F
	· “In particular to the off-site fabrication factory/yard in China, there is a critical impact that the quality check to items fabricated in the factory/yard could not be checked because of the lockdown”
	

	
	· “The positive effect mainly goes to the “flexibility” in terms of time when performing the quality inspection”
	


Note:       =Negative;       =Positive       

5 Discussion of Results
The discussion is twofold and premised upon the study’s objectives and the analysis.

5.1 Identification of the Critical QA Practices of Cb-CLSC
[bookmark: _Hlk120288230]The inferences made by the experts proved that the QA practices of Cb-CLSC are critical in ensuring that the quality of cross-border projects meets all requirements, including from the clients, statutory, and organisations (ISO, 1994). However, such typical practices are missing among the scholarly reports in the research domain. Experts’ responses on ten refined potential QA practices of Cb-CLSC, after being computed using means, SD, and normalised scores, denoted interesting findings. Using the mean, the experts had a relatively good level of agreement on the QA practices, with the highest central tendency being on QAP3 (understanding requirements, norms, and standards of quality) (scores=4.21) and QAP5 (providing quality training for workers towards project execution) having the lowest central tendency. The degree of variation/deviation in the experts’ responses was acceptable as there was no outrageous deviation compared to the rule of thumb (George and Mallery, 2018): the SD value not greater than ±2 is closer to the true value. Hence, all the QA practices were considered highly adequate for this study’s context. Also, all the 10 QA practices were revealed to be critical (with normalised scores ≥0.5) for the context of Cb-CLSC across the Hong Kong–Mainland China links. However, the top five critical QA practices of Cb-CLSC include QAP3(score=0.80), followed by QAP2(score=0.77), QAP7 (score=0.74), QAP4(score=0.73), and QAP9 (score=0.72). Limiting and analysing the experts’ responses to specific borders denoted that: in Mainland China, the most critical QA practices of Cb-CLSC are QAP2(score=0.84) and QAP3(score=0.84), whilst, in Hong Kong, the most critical QA practice is QAP3 (score=0.78). The criticality of other QA practices based on individual borders can be inferred from Table 4. The results showed that understanding the requirements, norms, and standards of quality is critical regardless of the border or jurisdiction, and this must align with an organisation’s quality management system to effectively achieve quality products (Mane and Patil, 2015; Pambreni et al., 2019).

As all the 10 QA practices (QAP1 to QAP10) are critical in the context of Cb-CLSC, the degree of association of the experts’ responses from the groups of academia and industry using the M-WU test denoted that there is no significant difference and disparity. The result showed that the experts’ responses from both the academia and industry across the Hong Kong and Mainland China links are the same on all the QA practices of Cb-CLSC. This is due to the relatively close mean values among the experts for all the QA practices, confirming the fit quality of the collected data and reliable findings (Darko et al., 2017). In the previous section, the agreement analysis denoted a percentage agreement (PA) on the critical QA practices of Cb-CLSC to be 55%, which shows a relatively good agreement between the experts from academia and the industry across Hong Kong and Mainland China. This also confirms how the experts foresee the significance of QA practices in achieving the quality of cross-border construction projects. Furthermore, the result gives firm grounds to the QA teams (quality audit, quality engineers, project managers, etc.) of construction organisations on specific cross-border construction projects by providing the best practices capable of helping to achieve the required quality of cross-border construction projects (Tummala and Tang, 1996; Nyakala, 2017). These include the 10 critical QA practices of Cb-CLSC that have been identified via this study.

Using the Spearman correlation test, the correlation matrix among the 10 critical QA practices of Cb-CLSC denoted some significant relationship among themselves, as earlier made aware in Section 2.1. For instance, the strongest significant positive correlation was found between QAP2 and QAP1 (ρ=0.78, P=0.00), denoting that defining clear responsibility based on quality requirements and assigning them clearly to the qualified workers have a strong interrelationship, and this may help in producing quality construction product (Pambreni et al., 2019), specifically in the context of Cb-CLSC. However, a low negative insignificant correlation was noted between QAP1 and QAP5 (ρ=-0.07, P=0.61), signifying that providing quality training for workers does not mean top management has already clearly assigned defined responsibility to qualified experts based on quality requirements. Thus, after training workers towards project execution, top management must define clear responsibilities to qualified experts based on the quality requirement, norms, and standards (Kraft and Molenaar, 2014; Mane and Patil, 2015; Bhattacharjee, 2018). Overall, there is a fairly positive correlation among the established QA practices of Cb-CLSC, depicting that a pragmatic strategy can be undertaken by combining the QA practices towards achieving quality cross-border construction projects, though there may be significant and insignificant relationships.

5.2 Sentiment on the QA Practices of Cb-CLSC Amid the Pandemic
Sentiment analysis in the study’s context denoted that the COVID-19 pandemic has severely impacted the QA practices of Cb-CLSC. However, along with this is also the positive effects, regarded as the opportunities that, if appropriately harnessed, could position the QA of Cb-CLSC to be adequate for the post-pandemic era and may survive risks of future pandemics. This study revealed that the QA practices of Cb-CLSC have had sentimental experiences based on the negative-neutral-positive model. The QA practices have largely experienced a neutral effect of the COVID-19 pandemic, i.e., the experts have a neutral sentiment across all the QA practices, connoting that the pandemic effect has not been as negative as it may seem. For instance, the most critical QA practice, QAP3, recorded a sentiment level of 48.1% on neutral, 19.2% on negative, and 32.7% on positive. This means understanding requirements, norms, and quality standards has been accelerated to a new level in the pandemic era, where experts used different pragmatic and innovative means to understand requirements without physical presence. This aligns with the view of interviewees A, B, C, and D regarding such positive effects as an opportunity created by the pandemic. The positivity in this action neutralises the negativity to a larger extent and positions the QA of Cb-CLSC to be adequate for the post-pandemic era (Ling et al., 2022). QA practices such as QAP5, QAP8, and QAP10 that require physical presence have been positioned to be carried out without physical presence. Similar inferences can be made to all the QA practices of Cb-CLSC amid the pandemic (see Figure 3). Overall, the QA practices of Cb-CLSC have migrated to a different level amid the pandemic. Though there have been negative impacts (Morris, 2020; Interviewee A, B, C, D, E, F), the positive impacts have neutralised negative ones (Chigara and Moyo, 2021). Thus, the impacts of the pandemic on QA practices in this context are affirmed to have been largely neutral, ensuring the continuity of QA in construction, particularly cross-border construction projects.

Though the sentiment levels on the QA practices have been established to be largely neutral, how critical are they? The results depicted the central tendency of the sentiment levels to be largely on QAP2 (score=2.48) based on the sentiment score, depicting the assignment of clear responsibility to qualified workers, which has experienced a high positive effect of the pandemic because experts adopt technology-enabled management style (Elrefaey et al., 2022). This was affirmed by interviewees A, B, C, D, E, and F, as they emphasised the application of digital technology into quality management to be the breakthrough amid the pandemic. The criticality of the sentiment levels on the QA practices still sits on the head of QAP2 (score=0.74), which denoted how experts noted the sentiments on QAP2 to be critical in the QA process of Cb-CLSC. This aligns with the experts in Mainland China choosing QAP as critical along with QAP3 in the QA processes of Cb-CLSC, as revealed in Table 4. Overall, the sentiments on the QA practices are all critical except for QAP5 (score=0.48). However, this does not prevent QAP5 from being an essential practice in the QA process of Cb-CLSC). Thus, to achieve the quality of cross-border construction projects, workers must be trained and oriented to the work execution processes of the specific projects (Kraft and Molenaar, 2014; Faeq et al., 2021).

In summary, examining the sentiment on QA practices of Cb-CLSC amid the pandemic is crucial in understanding the impacts of the pandemic, and this could assist in appreciating how experts are harnessing the possible opportunities amid the negativity. It raises the morale and the fulfilment that the “quality” experts in the construction, specifically on cross-border projects, need to be pragmatic with management solutions and innovations to ensure that QA processes are conducted adequately and could be sustained for post-pandemic as well as enduring the risks of future pandemics. The results of this study add to the ongoing discourses in construction that COVID-19 has not entirely been negative (Chigara and Moyo, 2021), but rather the experts, such as the QA experts, have positioned the QA adequately to harness the opportunities to ensure the smooth inspection and recording of works, work supervision and monitoring, etc. This, in practice, can be referenced from the interviewees’ responses: A, B, C, D, and E, where digital technologies have become the central focus to ensure the continuity of construction operation and quality management, especially cross-border projects (Osunsanmi et al., 2022). For example, in addition to automated monitoring, coordination, and supervision, data records, which are critical in Cb-CLSC QA processes, can be integrated with blockchain to ensure data transparency throughout information sharing among experts (Lu et al., 2021; Wu et al., 2022ab). Overall, the sentiment on the QA practices of Cb-CLSC amid the pandemic has revealed a significant leap in QA in construction by adopting digital technologies and innovative management to ensure the continuity of QA and its effectiveness. Thus, the impacts of the pandemic on the QA of Cb-CLSC have been largely neutral, i.e., the created opportunities can neutralise the negative impacts if appropriately harnessed by organisations.

6 Conclusions
This study examined the QA practices of Cb-CLSC amid the pandemic, which has been missing among scholarly reports for the past three years. However, understanding this could pave the way to capitalise on the created opportunities, and devise innovative approaches and operational decisions to adequately position the QA of Cb-CLSC for the post-pandemic era and endure the risks of future pandemics. Through an embedded mixed method design consisting of a comprehensive desk literature review, survey, and interview, data were collected from 52 experts across the Hong Kong–Mainland China links. 

The study findings revealed 10 critical QA practices of Cb-CLSC, with the top five critical QA practices comprising the “understanding requirements, norms, and standards of quality”, followed by “assigning clear responsibilities to qualified workers”, “recording and documenting work processes, steps, project routine, and seamless implementations”, “keeping close contact with clients to realise their demands”, and “strategic planning based on client requirements and corporate capability”. Overall, there was a relatively good agreement (55%) between experts from industry and academia on their ranking of the QA practices in the study’s context. Sentiment analysis of the experts’ responses on the QA practices of Cb-CLSC amid the pandemic showed that the impacts of the pandemic have been largely neutral, i.e., the opportunities (positive impacts) created can neutralise the negative impacts. The sentiment level was noted to be critical for all the QA practices except “providing quality training for workers toward project execution (QAP5)”. However, that does not avert the significance of QAP5 in the QA process toward the quality of cross-border construction projects. Based on the interview data, the opportunities created in the pandemic era have been centred on digital technologies and innovative management, ensuring the continuity of QA and its effectiveness.

This study has limitations worth mentioning in terms of interpretation and results generalisation. The study’s outcome relied on a relatively small sample size, which could affect the generalisation of the findings. Thus, future research could adopt a much larger sample size from the Hong Kong–Mainland China links and extend the research to include identifying the critical challenges imposed and the resultant impacts of the pandemic on the QA of Cb-CLSC. This could reveal many insights into the study’s context. Future studies could also consider other countries/borders and employ rigorous analytical tools to test the criticality and relationships among the QA practices of Cb-CLSC amid the pandemic. However, the relevance and deep insights of this study’s outcome remain due to the rigorous embedded mixed approach adopted.

Albeit the aforesaid limitation, the outcome of this study has theoretical and practical contributions. Theoretically, the study contributes to the QA and Cb-CLSC literature by reviewing the QA of Cb-CLSC, empirically identifying the critical QA practices in the study context, and further examining them amid the pandemic era. As academia and industry researchers continue to research the impacts of the pandemic on construction activities, this study provides a reference frame from the perspective of QA of Cb-CLSC amid COVID-19 for more understanding. This could direct researchers toward devising innovative management strategies to ensure construction business continuity in achieving quality. Overall, the results of this study can be used as a basis for further research to identify the critical challenges and resultant impacts of the pandemic on the QA of Cb-CLSC toward developing an effective managerial framework to adequately position the QA systems for the post-pandemic era and endure the risks of future pandemics. Practically, this study deepens the understanding of the COVID-19 impacts on the QA of Cb-CLSC to the construction quality management front-liners and policymakers. This knowledge may help industry practitioners devise innovative management strategies enabled by digital technologies to adequately assure quality throughout the QA process of cross-border construction projects. Overall, the study not only contributes to a better understanding of the QA practices and their sentiments amid the pandemic but is also important to the QA front-liners, such as quality engineers, quality managers, etc., and policymakers in developing innovative and operational decisions to position the QA of Cb-CLSC adequately for the post-pandemic era and to endure the risks of future pandemics. 
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