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Abstract: Vietnam battles severe air pollution and substandard infrastructure, leading to Sick Building 
Syndrome (SBS), even in healthcare facilities. Enhancing Indoor Air Quality (IAQ) in hospital design and 
renovations is vital for safeguarding vulnerable groups, such as patients, children, and the elderly. However, 
akin to other developing nations, Vietnam must address specific local challenges before devising any strategies 
to improve IAQ in these critical settings. In this study, we identify factors influencing the selection of methods 
to improve Indoor Air Quality (IAQ) in healthcare facilities, considering Vietnam's specific conditions. 16 
potential factors have been investigated and categorised into 4 influence groups based on a comprehensive 
literature review and validated by a survey of 160 architects, engineers, project managers, and hospital staff. We 
conducted an academic literature review to pinpoint these factors and propose design solutions. Additionally, 
we surveyed and quantified the effects from the perspective of Vietnamese healthcare experts. Based on our 
findings, we discussed the impact of these factors and suggested solutions for enhancing IAQ during the 
design and renovation phases of hospitals. The study's contribution lies in its practical insights for stakeholders 
seeking to improve IAQ. The outcomes of this study aim to provide a foundation for developing guidelines and 
standards to assess construction quality in healthcare facilities.
Keywords: Factor Analysis; Indoor Air Quality; Healthcare Project; Green Specification.
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1. Introduction

IAQ plays an essential role in healthcare settings, 
profoundly affecting both patient outcomes and the 
well-being of healthcare staff. A hospital building 

is a uniquely built environment because its primary 
function is maintaining and restoring health, but it 
also carries the potential risk of spreading infectious 
diseases. Poor IAQ is known to affect the health and 
well-being of building occupants and has been linked 
to Sick Building Syndrome (SBS), which refers to 
a collection of chronic illnesses such as headaches, 
irritation of the eyes, nose, and throats, or dry and itchy 
skin[1]. The SBS prevalence for healthcare workers at 
a large-scale hospital is 70.1% in Ho Chi Minh City, a 
metropolitan with an average annual air quality index 
of 87 US AQI and PM2.5 concentrations four times 
higher than the WHO guidelines[2]. Poor IAQ is also 
associated with an increased risk of hospital-required 
infection, of which respiratory infections are the most 
common, accounting for up to 80% of cases in Vietnam 
hospitals[3]. Some causes of infections are viruses, 
mold in the air, and medical equipment contaminants. 
Specific contaminants’ sources in hospital environments 
vary, including emissions from building materials, 
heating and cooling systems, electronic equipment, 
and occupant activities[4]. Moreover, healthcare facility 
air often contains particles and gaseous pollutants, 
such as carbon dioxide, formaldehyde, volatile organic 
compounds, and bacteria. The study by Keyvani et al. 
(2020)[5] illustrates the complex interaction between 
external and internal factors affecting hospital IAQ, 
underscoring the importance of maintaining good 
indoor air standards to mitigate the risks posed by 
airborne pollutants and ensuring a safe and healthy 
environment.

Several factors must be taken into account when 
considering Indoor Air Quality (IAQ) improvement 
measures in hospital wards, including the adoption 
of advanced technologies and management in-
depth evaluation, as evidenced by case studies 
from countries like China, Italy, Portugal, Spain, 
Thailand, and Nigeria[6-10]. For instance, in China, 
Liu et al. (2018)[6] investigated the quality of the 
indoor environment in two healthcare facilities by 
using an integrated instrument to calculate objective 
physical environment and subjective satisfactory 

survey. Settimo et al. (2017)[7] have outlined existing 
guidelines for IAQ in hospital settings in Europe, 
offering valuable frameworks. Farraia et al. (2019)[8] 
investigated the influence of legislation on hospital 
air quality in Portugal, mainly focusing on the 
installation of High-Efficiency Particulate Arrestance 
(HEPA) filters in patient rooms and analysing the 
resultant air quality changes pre- and post-legislative 
implementation. In Vietnam, different strategies to 
enhance IAQ have been implemented incoherently, 
such as centrally controlled ventilation systems and 
in-room air purifiers. There is insufficient research 
on improving IAQ in Vietnamese healthcare projects 
owing to a lack of public awareness and a database to 
complete national regulation, revealing the need for 
alternative strategies for stakeholders. 

Sustainable construction practices, including green 
building (GB) strategies, are recognized as effective 
solutions for hospital wards to perform better than 
conventional buildings in terms of IAQ performance, 
energy use, and occupant satisfaction[10]. According to 
Chung (2022)[11], Vietnamese hospitals, often housed 
in buildings from the 1900s, face issues with aging 
structures and limited renovation options. Additionally, 
Vietnam’s hospital design standards and guidelines 
predominantly focus on functional and structural 
aspects, often overlooking air quality considerations[12]. 
This neglect is also evident in the ratio of IAQ credits 
in Vietnam’s green building guidance systems[13]. 
However, due to economic and infrastructural gaps, 
Vietnam and other developing countries struggle to 
apply advancements in improving hospitals’ indoor air 
quality (IAQ). Quang (2023)[12] points out that many 
public hospitals (which constitute 94% of Vietnam’s 
healthcare system) have ventilation issues in surgical 
rooms and hallways, failing to meet the national 
standard TCVN 4470:2012. In contrast, private 
hospitals adhering to international standards like WELL 
and AACI report significantly lower hospital-acquired 
infection rates[14]. However, it is limited in quantity 
and only available in developed cities. These contrasts 
underscore the urgent need for Vietnam to update its 
healthcare design standards, ensuring effective and 
high-quality healthcare. In addition to the national 
system, hospitals voluntarily certified by GB standards 
can utilise three strategies—emission source control, 
ventilation, and indoor air quality (IAQ) measurement 
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guidelines—to enhance IAQ, save energy, reduce 
recovery times, and boost staff productivity[15]. The 
LEED-compliant LOTUS framework in Vietnam 
incorporates national regulations QCVN alongside 
international standards like ASHRAE 62.1, AS 1668, 
and European Standards EN 779 and EN 1822, setting 
comprehensive IAQ criteria[13,16,17]. Additionally, Fitwell 
and the WELL Building Standard, focusing on health 
and wellbeing, complement BREEAM standards. 
These guidelines are primarily tailored for projects in 
developed countries, where conditions for improving 
IAQ—including cognitive, technical, and financial 
aspects—are favourable.

Therefore, our study investigates these factors 
through a literature review and a questionnaire survey 
involving 160 construction industry professionals. 
We employed factor analysis to assess the influence 
of various variables. The goal was to identify and 
prioritize the key factors that significantly impact the 
choice of IAQ improvement methods in Vietnamese 
hospital projects in line with sustainable construction 
goals and healthcare requirements. 

2. Literature Review
As the global healthcare system becomes more 
sophisticated, people’s requirements for the healthcare 
environment become more stringent, and it  is 
essential to build an indoor environment that satisfies 
the occupants. IAQ, thermal, visual, and acoustic 
environments belong to indoor environmental quality 
(IEQ) in survey research and are considered the 
highest priority in choosing a healthcare building[18]. 
Retrofitting has been identified as a key approach 
to improving energy efficiency and IAQ in hospital 
buildings Radha (2023)[19]. As emphasized by several 
studies, the importance of good IAQ in hospitals 
underscores the need for targeted research in this 
area. Furthermore, Hiwar et al. (2021) [20] provide 
a quantitative analysis of the relationship between 
airborne microorganisms and indoor air distribution 
in hospitals. Rodrigo et al. (2018)[21] highlight the 
importance of maintaining the indoor atmosphere in 
reducing hospital-acquired infections in developing 
countries, emphasizing its importance in healthcare 
settings. Ratajczak (2022)[22] explores ventilation 
strategies in nursery buildings during COVID-19, with 
findings applicable to enhancing IAQ in hospitals. 

These studies underscore its critical impact on health 
outcomes in healthcare environments and the need for 
effective management strategies. Stockwell et al. (2019)
[23] discuss how ventilation affects bioaerosols, pointing 
to the necessity of evaluating the effectiveness of 
ventilation systems in controlling IAQ and bioaerosol 
concentrations. Brittain et al. (2020)[24] connect high 
ambient air pollution with increased mortality from 
viral diseases, indicating the need to explore how 
ambient pollution influences air and viral outbreaks 
in hospital settings. Lastly, Ikhtiar (2017)[25] discusses 
reducing microbial counts through improved ward 
ventilation, highlighting the need for research on 
specific ventilation strategies and their effectiveness 
in controlling microbial levels. Olsson and Hansen 
(2010)[26] discussed the viewpoints of project 
management, owner, and contractor and prioritised 
user involvement in project design for achieving 
flexibility in hospital projects. From the perspective of 
the hospital manager, Ibrahim et al. (2022)[27] published 
the determinants of hospital IAQ, including contextual 
factors, building design, operation factors, and 
occupant-related factors. The framework serves as a 
foundation for our selection of surveyors from hospital 
staff, and atmosphere-influencing variables must be 
effectively understandable throughout the occupancy. 
Collectively, these studies reinforce the complex 
interplay of various factors affecting the quality of 
indoor air in hospitals and the need for comprehensive 
research from the design stage to develop effective 
strategies for improvement. 

The barriers and challenges hindering IAQ and 
green construction technology are becoming more 
prevalent in developing markets. According to Pitt’s 
research in 2009, sustainable construction can be 
driven by focusing on drivers and barriers, methods 
and techniques, and benchmark indicators. Recent 
research has inherited this approach for investigating 
their locals. A study conducted in Kuwait[28] carried 
out a questionnaire survey to assess the level of 
comprehension of GB among construction stakeholders. 
Educational programs and legal frameworks are 
perceived as drivers and strategies to foster sustainable 
construction, whereas insufficient knowledge and 
the absence of governmental incentives represent 
significant obstacles. Husain (2019)[29] utilised the 
Green-Lean-Six Sigma hierarchy model to investigate 
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the interconnections between barriers and validated 
them using expert surveys conducted in Pakistan. The 
inquiry uncovered that the unstable political situation 
posed a significant hindrance, compounded by the 
lack of governmental support and client experience. 
Nguyen (2017) conducted an exploratory study on 
obstacles to the advancement of GB in Vietnam[30]. 
The author categorised the 41 barriers into four 
components preventing GB adoption: Socioeconomic 
and cognitive barriers, Economic and cost barriers, 
Legislative and institutional barriers, and Technical 
and knowledge barriers while revealing that the highest 
mean score indicator is slow policymaking and lack of 
comprehensive policy. A different study categorised 
twelve obstacles to advancing sustainable housing 
in Australia into four categories: economic factors, 
technical and design factors, sociocultural factors, and 
institutional factors[31]. 

The literature review shows that barriers to 
incorporating IEQ into building designs include a lack 
of integrated design teams, which ranked the highest 
in appearance, high initial costs, a poor market for 
IEQ buildings, and higher design charges, among 
others[32]. In delivering advanced HAVC in buildings, 
the general fear of higher investment costs compared 
to conventional buildings is often seen in empirical 
studies[33,34]. The higher upfront cost of implementing 
IAQ improvement alternatives represents a significant 
consideration in the healthcare sector, where budgets 
are often constrained. Nevertheless, it is crucial to 
recognise that the initial investment in indoor quality 
improvements can result in long-term savings by 
reducing healthcare-associated infections, patient 
complications, and operational costs and improving 
healthcare workers’ job satisfaction[35]. Facilitating 
the promotion and adaptation of suitable present-day 
innovations in developing countries and enhancing 
technology transfer between neighbouring countries 
can reduce the transfer price for technology[36]. IAQ 
controls success in a hospital and relies on the joint 
efforts of the engineering, healthcare, administrative, 
and support staff. Prior research has demonstrated that 
IEQ management needs an integrated team from the 
beginning of a project and continuing support during 
occupancy[37]. ASHRAE’s guideline proposed a concept 
of an IAQ-integrated design approach for the steering 
committee, including inclusive design team leaders 

(architects, engineers, and project managers) with 
innovations encouraged by clients[27]. Due to continuous 
operation, healthcare facilities consume over twice 
as much energy per square as other commercial 
facility types. However, environmental impacts can 
be mitigated through renewable energy transition and 
energy-efficient ventilation systems[38]. These drivers 
and barriers address critical IAQ concerns and align 
with broader sustainability goals. The need for strategic 
planning and advocacy becomes evident as various 
studies across different countries reveal obstacles such 
as inadequate knowledge, absence of governmental 
incentives, economic factors, and the perception of 
higher upfront costs, emphasising the importance of a 
comprehensive approach to promoting better IEQ in 
healthcare settings. 

To compensate for the lack of research and building 
data in the Vietnamese market, we decided to restrict 
our assessment to factors related to the decision-
making process for indoor air solutions. We reviewed 
existing literature on new technology adoption and 
design factors that affect the quality of indoor air 
in healthcare projects. These factors include drivers 
and barriers to adopting technology from the design 
and construction manager’s viewpoint. Furthermore, 
building factors affect the IAQ during operation from a 
healthcare facility viewpoint. Web of Science, Scopus, 
and Google Scholar were queried with keywords 
germane to the study (e.g., IAQ factors, drivers and 
barriers, Vietnam, hospital…). The inclusion criteria 
consisted of the following: (1) Drivers and barriers in 
GB/ IEQ technology adoption (from the perspective 
of project managers and investors…); (2) Strategy 
for indoor air quality in hospitals (published from 
the viewpoint of healthcare workers). The list of 22 
influencing variables to enhance IAQ in hospitals from 
the literature review is described in Appendix A. The 
findings from this comprehensive review will serve as 
a foundation for assessing strategies and implementing 
effective renovation solutions in Vietnamese hospital 
buildings.

3. Research method
3.1 Research Framework
This document sought to gain a comprehensive insight 
into the perspectives of industry professionals on 
integrating influence factors in indoor air quality design 
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in the context of industrial construction in Vietnam. To 
effectively address the research goal described in the 
introduction, this study used the following research 
methods: (1) extensive review of the relevant literature; 
(2) questionnaire development; (3) dissemination 
and collection of a structured questionnaire survey; 
and (4) rigorous data analysis and discussion. The 
research was mainly focused on examining the existing 

practices of influence factors in IAQ design among 
industry practitioners and their perceptions of the 
general advantages and potential contributions of 
innovative design solutions. It should be noted that 
this research does not address specific benefits and 
challenges associated with each technology. Detailed 
descriptions of the specific methodologies used are 
given in (Figure 1).

Figure 1. The framework of the paper’s research methodology

3.2 Questionnaire Development
3.2.1 Factor identification
We compiled a variety of factors, such as hospital-
related requirements, building-related risks, and 
institutional obstacles, which are associated with the 
decision-making of construction managers in IAQ 
design specifications. The pilot inquiry focused on 
collecting data to develop the survey instrument by 
reviewing scholarly literature and consulting industry 
experts. The preliminary survey had 60 interviewees 

ranked 22 potential variables (Appendix A) and then 
commented on the questionnaire organisation, design, 
and the comprehensibility of the description. The 
survey results were validated by Cronbach’s alpha, 
factor analysis tests, median ranking analysis along 
with the opinions of 5 industry experts; consequently, 
22 evaluated variables were updated, clarified, and 
synthesised into sixteen impact factors, as analysed in 
(Table 1). 

Table 1. Factors influencing the adoption of indoor air quality solutions in the design stage.

Code Factors Clarification

D-1 Project Scale and Planning
• Project scale, site assessment, number of beds, specialities, and 
Planning of subdivisions, landscapes, and chains affecting the indoor 
environment.

D-2 Design purpose

• Design goal (human health/ energy efficiency) determines the interest 
and percentage of funds for total IEQ. 
• The Pre-design phase decides on the specialists needed and the 
technical approach plan for IAQ.

D-3 Schematic Design (SD)
• Complexity of project design, assignment to construction specification
• Effective ventilation must be included in architectural, interior, 
landscape, structural, MEP, and HAVC drawings. 
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Continuation Table:
Code Factors Clarification

D-4 Outdoor issues and regional 
environment

Including Physical, Biochemical, and Microclimate around the building 
area
• The need for data collection for Air Quality Index, water sources, 
geology, and organisms…

E-1 Initial cost

• Cost of design and operation of the team
• Cost of equipment purchase, transportation, and installation
• Hiring a third party (for executive design and certification test, 
modelling IAQ)
• Certification registration fee.

E-2 Operating/ maintenance cost • Life cycle costing of devices and additional building cost.
• Annual maintenance cost for IAQ system and devices.

E-3 Technology transfer cost • Cost of technology transfer or purchase; fees for technical support and 
training; intellectual property rights by product or by year.

G-1 Owner’s requirement • Each hospital project has specialities; depending on the client’s 
awareness, they can make specific IEQ requirements.

G-2 Commercial advantages

• Financial/ non-financial incentives, attracting investment and loan 
opportunities.
• Opportunities for cooperation and sponsorship from sustainable funds
• Increase competitiveness and raise branding awareness as a marketing 
tool

G-3 Future legislation

• Need policy understanding, regularly updated standards, and ready for 
policy and market change.
• IAQ tools are flexible and adaptable for future legislation, including the 
development of construction technology, renewable energy plans, etc.

G-4 Administration
• Requires highly qualified managers and management strategy for 
building systems.
• Stakeholders’ experience and communication ability.

T-1 Feasibility

• Capable of installation in accordance with current engineering 
techniques and construction conditions. 
• Simple to install by local workers and straightforward for material 
suppliers.

T-2 Operability

• Demand for pollution measurement data and usage behaviour 
collecting.
• Demand for a database of material, technology, and products 
thoroughly.

T-3 Integrated capability

• Need an integrated design team and interoperability between tools; 
manage the effect of IA system installation on other engineering systems 
(HVAC – IAQ – Lighting – Acoustics – Fire – Communications, 
Plumbing, Mechanical, etc.)
• Combine with another system for well-controlled design, construction, 
and operation

T-4 Compatible with medical 
function

• The system must guarantee that it does not interfere with the hospital’s 
medical needs, as well as the medical examination and treatment 
machinery and equipment.

T-5 Emissions level The impact of IAQ solutions on total building energy consumption, 
operating and demolition emissions, and environmental impact.

3.2.2 Survey collection
Based on the result of the pilot study, the survey 
was published on Google Form Survey and emailed 
to collect perspectives from industry consultants of 
various sizes who are exposed to construction activities 
and have adequate industry knowledge to contribute 
to the study. The first part outlined the study’s 
objectives, briefly introducing sustainable concepts, 
factors influencing the indoor air quality design 
process, and specific requirements for the hospital 

project. The second part asked for basic background 
information about respondents, including the type of 
company, occupation, and working experience. The 
section also included multiple-choice questions that 
collect respondents’ understanding of past hospital 
projects (e.g., Have you participated in hospital 
construction projects? What types of factors have you 
accepted?). The type of question included a single 
choice, multiple choice, and text input. In the third 
part of the survey, respondents were asked to assess 



 Vol 3 Issue 2 2024

the current level of importance and the expected level 
of investment for each factor in the design phase 
individually using a five-point scale (1 = Very low, 2 = 
Low, 3 = Medium, 4 = High, 5 = Very High). Target 
respondents included  Architecture consultant and 
design contractor (Architect), On-site engineering and 
construction contractor (Engineer), Building owner and 
Project management contractor (Manager), Healthcare 
professionals, and hospital staff (Hospital staff). The 
individual respondents and companies were from 
metropolitans in different parts of Vietnam. By asking 
participants to send the survey to their colleagues, 
Snowball sampling was used in the questionnaire 
survey to approach a group of people who work in the 
hospital and construction industry. The respondents’ 
demographic information provides an overview of the 
distribution of construction workers (Table 2). Among 
valid responses, the background of the respondents 
that we collected indicated that the survey result 
was reliable. This information allowed researchers 
to classify respondents into subgroups for further 
comparison analysis. 

3.3 Data Analysis Process
Respondents were asked to assess the important factors 
influencing indoor air quality design. As described 
in (Figure 1), several statistical methods have been 
implemented for analysing the collected rating scores, 
including Cronbach’s alpha, the Kolmogorov-Smirnov 
test, the Dunn-Bonferroni post-hoc test, and factor 
analysis. These tests were used to answer the research 
question (What are the key factors influencing the 
selection of methods to improve IAQ?). Then, Factor 
analysis was employed to interpret the underlying 
adoption factors. The Dunn-Bonferroni test results 
of intergroup comparisons examine the impact of a 
company’s backgrounds and career profiles on adopting 
IAQ solutions. The appropriateness and duration of the 
tests are presented below.

Median score and Standard deviation were used 
to measure the level of importance of all items. In 
the 5-point evaluation scale, the importance level 

of the factor is recorded as having a value from 3 to 
5. In addition to the overall analysis, it is necessary 
to examine whether respondents’ perspectives from 
different companies or positions are different and their 
concerns. The application of parametric statistical 
tests is based on the hypothesis that data is normally 
distributed, while non-parametric tests do not have 
such a prerequisite. Therefore, the Kolmogorov-
Smirnov test is required to test the data’s normality 
and determine the intergroup comparison method[39]. 
If the p-value of the Kolmogorov-Smirnov test is 
less than 0.05, the data is not normally distributed, 
and the Dunn-Bonferroni test is used for comparison 
between groups. Respondents were separated by 
company type and working experience. In each group, 
research hypotheses are set that the respective case 
influences the practitioner’s perceptions. Then, a Dunn-
Bonferroni post hoc test will be used to investigate 
whether there are significant differences in respondents’ 
ratings in different subgroups. Suppose the p-value 
generated (i.e., a probability value) is less than 0.05. 
In that case, the null hypothesis is rejected, and the 
research hypothesis is supported, which means that 
there are significant differences in the attitudes of the 
respondents of the different groups. Factor analysis 
is a statistical methodology for describing observed 
correlation variables as factors that may be smaller than 
observed variables. In previous studies, factor analysis 
techniques have been used to identify factors associated 
with potential obstacles to adopting outside residential 
construction[40]. Measurements of Kaiser–Meyer–Olkin 
(KMO) and Bartlett spheres focused on determining 
whether the correlation matrix was an identity matrix 
to evaluate the feasibility of factor analysis methods. 
Close KMO values show strong correlations between 
variables and determine the appropriateness of factor 
analysis. Bartlett’s spheres test The statistics of KMO 
vary from zero to one. If the KMO value exceeds 0.5, 
the sample is considered suitable for factor analysis. 

4. Results
4.1 Analysis of Respondents’ Demographic

Table 2. Demographic background of respondents and hospital involvement.

Demographic characteristics Frequency
n = 160

Valid Percent  
(%)

Industry firms Architecture consultant and design contractor 86 53.75
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Continuation Table:

Demographic characteristics Frequency
n = 160

Valid Percent  
(%)

On-site engineering firm and construct contractor 40 25.00
Building owner and Project management contractor 15 9.37
Healthcare professionals and Hospital staff 19 11.88

Years of experience

Less than 2 years 38 23.75
2 – 5 years 59 36.87
5 – 10 years 29 18.13
More than 10 years 34 21.25

Hospital project scale 
involvement

Large general and specialised hospital ( > 1000 beds) 18 11.25
Medium general and specialised hospital (250-1000 
beds) 21 13.13

Small general and specialised hospital ( < 250 beds) 5 3.13
Clinics and nursing centres 11 6.87
None 105 65.62

A total of 161 responses were collected, with a response 
rate of 97%. The outlier has been explored and removed 
from the final 160 valid responses for data analysis. (Table 
2) summarises the respondents and their organisation 
profiles. The majority of respondents (53.75%) are from 
architecture consultant and design contractor firms, 
followed by on-site engineering firms and construction 
contractors (25.00%). Their positions and distribution of 
working experience in the construction industry signify 
the validity and understanding of principal design 
regulations. Regarding respondent’s involvement in 
hospital projects, (Table 2) indicates that 34.38% of 
respondents have worked in a hospital or engaged in 
hospital design. However, 65.62% of all respondents are 
aware of IAQ but never participated in a hospital project.

4.2. The Data Reliability
Cronbach’s is a prerequisite to performing more 
detailed analysis in previous management studies[41]. 
This test was used to measure internal consistency 
in a set of questions. The coefficient is between 0 
and 1; the closer the score to 1, the more consistent 
the practitioner perceives between these Likert 
scale elements. The reliability test results show that 
Cronbach’s coefficient of 0.788 in the questionnaire’s 
adoption factors exceeded the 0.70 thresholds, 

respectively. Consequently, the results of the Cronbach 
test confirm the reliability of the data collected for 
analysis, and other tests can be applied.

The result of the data normalisation test is presented 
in (Table 3) . For Kolmogorov-Smirnov tests, the test 
statistics for all groups (E1, E2, E3, ..., T5) are smaller 
than 1, indicating that the maximum absolute difference 
between the empirical distribution function of the sample 
and the cumulative distribution function of the normal 
distribution is relatively small. The p-value for all groups 
is reported as .000 less than the significant level (usually 
0.05), indicating a rejection of the null hypothesis of 
normality. Therefore, non-parametric tests should be 
conducted for subsequent data analysis. The median value 
for all factors (D1 to T5) is consistently 4, suggesting that, 
on average, respondents perceive each factor as equally 
influential in selecting IAQ solutions. This uniformity in 
median values implies a consensus among respondents 
regarding the significance of these factors. Moreover, 
the standard deviation values for each factor range 
from 0.623 to 0.827 (below 1), indicating relatively low 
variability in respondents’ perceptions across all factors. 
This demonstrates the credibility of the survey and 
factors list, emphasising a comprehensive approach to 
considering different factors during the design process.

Table 3. The result of the normality test and factors’ median value.

Factors
Kolmogorov-Smirnova

Min Max Median Std. Deviation
Statistic df Sig.

D1 .244 160 .000 1 5 4 0.776
D2 .252 160 .000 1 5 4 0.758
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Continuation Table:

Factors
Kolmogorov-Smirnova

Min Max Median Std. Deviation
Statistic df Sig.

D3 .264 160 .000 1 5 4 0.810
D4 .251 160 .000 1 5 4 0.820
E1 .263 160 .000 1 5 4 0.742
E2 .275 160 .000 1 5 4 0.664
E3 .275 160 .000 1 5 4 0.709
G1 .262 160 .000 1 5 4 0.707
G2 .274 160 .000 1 5 4 0.694
G3 .252 160 .000 1 5 4 0.700
G4 .314 160 .000 1 5 4 0.623
T1 .243 160 .000 1 5 4 0.771
T2 .247 160 .000 1 5 4 0.764
T3 .267 160 .000 1 5 4 0.753
T4 .259 160 .000 1 5 4 0.827
T5 .289 160 .000 1 5 4 0.758

a. Lilliefors Significance Correction

4.3 Intergroup Comparison
The Kolmogorov-Smirnov test results indicate that all 
variables have p-values below 0.05, which means that 
data is not normally distributed, and that the Dunn-
Bonferroni post hoc test should be used to compare 
between groups. Respondents are divided into different 
groups according to various types of companies and 
work experience. Variables with p-values less than or 
equal to 0.05 are considered statistically significant, 
indicating the differences rated and/or perceived 
among different professional backgrounds. The results 
of the Dunn-Bonferroni post hoc test for intergroup 
comparisons are also shown in (Table 4) . Notably, 
variables with p-values marked by asterisks (*), such 
as D1, G2, and T1, exhibit statistically significant 
differences in median value among the company types. 
These considerable differences imply that Architects, 
Engineers, Managers, and Hospital Staff hold distinct 
perspectives on these factors in the hospital project. 
Upon scrutinising the results derived from the Dunn-
Bonferroni test, discernible statistical distinctions 
emerge among the examined groups, denoted by the 
presence of asterisks signifying statistical significance. 
Within the variable of “Industry firm,” noteworthy 
disparit ies are observed in several  instances. 
Specifically, in variable D1, the “Manager” subgroup 
stands out significantly (p = 0.014), suggesting a risk-
averse attitude among managers. By prioritising design, 

regulatory compliance, and cost, Managers address 
key risk factors associated with IAQ investment 
in the project. In variable G2, the “Engineer” and 
“Hospital staff ” exhibit notable divergence (p = 
0.005*). Furthermore, variable T1 indicates significant 
differentiation, with the “Hospital staff ” subgroup 
once again showcasing distinctiveness (p = 0.048*), 
emphasising their particular role in shaping IAQ 
solution adoption dynamics. 

Moreover, regarding the variable of “Experience 
year”, the “ < 2 years” subgroup also prioritises the 
design requirements factor D1 (p = 0.010*), implying 
nuanced IAQ solution adoption tendencies within 
this cohort. The attention given to design by less 
experienced groups could result from less learning 
from established practices or guidelines. Additionally, 
variables E2, G2, G3, T1, T2, T5 reveal that the “ > 
10 years” subgroup tends to underestimate factors 
compared to the others. Although this difference is 
not significantly distinct, it underscores potential 
disparities in IAQ solution implementation strategies 
among individuals with long experience levels. The 
project team has much experience, which is attributed 
to the success of optimising the infrastructure 
design of hospital construction[42]. In this subgroup 
of respondents, 31.4% are hospital employees, and 
45.7% are from architectural firms. Meanwhile, those 
with 5-10 years of experience might have witnessed 
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the long-term benefits or challenges of previous 
IAQ initiatives, reinforcing the importance of design 
considerations. The insignificant discrepancies in 
ranking factors indicate that there are no insignificant 
subgroups or specific issues in the IAQ design 

process. Recognising these variations and balancing 
stakeholders’ expertise and priorities should be 
conducted within an integrated framework to decide 
the whole design within the context of IAQ from the 
conceptual design stage to close out.

Table 4. Factor intergroup comparison.

Variables
Industry firm Post

hoc
Experience year Post 

hocArchitect Engineer Manager Hospital staff < 2 years 2 - 5 years 5 -10 years > 10 years
D1 4 4 5 4 0.014* 5 4 4 4 0.010*
D2 4 4 4 4 0.532 4 4 4 4 0.760
D3 4 4 4 4 0.369 4 4 4 4 0.506
D4 4 4 4 4 0.606 4 4 4 4 0.221
E1 4 4 4 4 0.056 4 4 4 4 0.293
E2 4 4 4 3 0.476 4 4 4 3 0.411
E3 4 4 4 3 0.727 4 4 3 4 0.673
G1 4 4 4 4 0.158 4 4 4 4 0.519
G2 4 3 4 3 0.005* 4 4 4 3 0.261
G3 4 4 4 3 0.074 4 4 4 3 0.801
G4 4 4 4 3 0.449 4 4 4 4 0.247
T1 4 4 4 3 0.048* 4 4 4 3 0.468
T2 4 4 4 3 0.101 4 4 4 3 0.404
T3 4 4 4 3 0.201 4 4 4 4 0.643
T4 4 4 4 3 0.072 4 4 4 4 0.134
T5 4 3 4 3 0.123 4 4 4 3 0.702

Notes: Dunn-Bonferroni post hoc test, * The mean is significant at the 0.05 level of significance. 

4.4 Factor Analysis Result
The high KMO measure and the significant Bartlett’s 
test are shown in (Table 5), indicating a high-quality 
factor analysis. The variables are well-suited for this 
analysis, and the factors extracted are likely meaningful. 
In factor analysis, factor loadings play a crucial role 
in understanding the relationship between observed 
variables and underlying latent factors. (Table 5) 
represents variables associated with four group factors: 
Technology (T), Government (G), Economic (E), and 
Design (D). The table also includes factor loadings, which 
range between -1 and 1 and quantify the extent to which 
each variable is associated with a particular factor. High 
loadings, especially those close to 1, signify a strong 
correlation between a variable and its corresponding 
factor, indicating that the variable is a good representative 

of the factor’s underlying construct. For instance, 
T4’s loading of 0.752 on the Technology factor is 
significant, implying that T4 is a strong indicator of the 
characteristics or attributes that define the Technology 
factor. High loadings (e.g., E2 on Factor E with 
0.803) suggest that these variables strongly represent 
the respective factor. Similarly, variables such as 
G2 and G1 showcase substantial loadings of 0.750 
and 0.738, respectively, on the Government factor, 
highlighting their relevance in capturing the essence of 
governmental requirements and regulations. However, 
the variable D2 exhibits a relatively low loading of 
0.567 on the Design factor. The survey respondents 
believe that the hospital project’s design purpose and 
speciality plan have no impact on the other factors in 
the Design group when selecting solutions for IAQ. 

Table 5. Summary of factor analysis result.

Code
Extracted factors loadings

1 2 3 4
Compatible with medical function T4 0.752
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Continuation Table:

Code
Extracted factors loadings

1 2 3 4
Operability T2 0.703
Emission loads T5 0.695
Integrated capability T3 0.628
Feasibility T1 0.623
Commercial advantages G2 0.750
Owner’s requirement G1 0.738
Administration G4 0.696
Future Adaptabilities G3 0.650
Operating/ maintenance cost E2 0.803
Technology transfer cost E3 0.798
Initial cost E1 0.763
Outdoor issues and regional environment D4 0.782
Project Scale and Planning D1 0.717
Schematic Design D3 0.661
Design purpose D2 0.567

Kaiser-Meyer-Olkin measure of sampling adequacy 0.870
Approx. Chi-Square 988.023

Bartlett’s test of sphericity
df 120

Sig. .000

5. Discussion
This paper sought out to answer the question what the 
primary factors are influencing the selection of methods 
to improve Indoor Air Quality (IAQ). Sixteen critical 
factors, grouped into economic, governance, design, 
and technical categories, are discussed below. The 
results of a Dunn-Bonferroni test comparing groups 
examining the impact of a company’s background 
and career profile on adopting IAQ solutions show 
insignificant differences in perceptions of IAQ and 
necessitate collaboration among diverse stakeholders. 
Given Vietnam’s slow update of national standards, 
uneven contractor development, and limited research, 
utilising GB tools as guidelines effectively improves 
IAQ and overall hospital performance. By emphasising 
project stakeholders’ roles and distinctions, the Indoor 
Air Quality Guide from ASHRAE[27] proposed a 
strategy for assembling an integrated design team to 
achieve good IAQ and sustainable building design. 
Beyond ventilation control systems, the building 
structure, operation, and activities significantly 
impact indoor air quality. Thus, all members of the 
design team must weigh this possibility, ensuring 

unified solutions aligned with investor needs and 
legal requirements. Based on the survey results and 
recording the opinions of respondents, architects are 
primarily concerned with the architectural and spatial 
aspects of projects. They prioritise design-related 
IAQ factors, including the layout, choice of materials, 
and overall seamless integrated solutions, increasing 
users’ experiences. Engineers approach IAQ from a 
technical and practical standpoint. They focus on the 
feasibility of the technology and control its long-term 
maintenance and operation. Project Managers and 
Hospital staff have a governance-oriented perspective. 
They focus on compliance with IAQ regulations and 
standards, considering risk management, and allocating 
resources effectively, including budget, throughout 
the life cycle of healthcare facilities. The manager 
group’s focus on these aspects also indicates strategic 
planning. By considering design and regulatory 
compliance, managers are likely aiming for long-
term viable solutions, avoiding future modifications 
or non-compliance penalties. Hospital staff, including 
medical professionals and facility staff, receive IAQ 
as part of their health risk and productivity work. They 
are also concerned about the impact of IAQ on patient 
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outcomes and healthcare operational processes. The 
findings underscore the multifaceted nature of IAQ 
improvement plans in hospital projects and how diverse 
company types and experience levels contribute to 
differing perceptions and priorities. 

Economic factors.
In Vietnam, the focus on initial investment costs 
(E1) for hospital air quality improvements often 
overshadows  cons idera t ions  l ike  opera t ing / 
maintenance costs (E2) and technology transfer costs 
(E3). Similar to previous studies[30,32] high initial 
cost risks are one of the top issues when applying 
new technology to buildings. The added costs and 
associated risks of unique solutions for IAQ and 
IEQ in general may discourage initial investors from 
committing[43]. The primary driver of high initial costs 
is the need for sophisticated air filtration systems and 
upgraded ventilation capacities to meet healthcare 
standards. These improvements, crucial for removing 
harmful particles such as pathogens and allergens, 
often involve high-end solutions like HEPA filters 
and UV-C germicidal irradiation. Such systems are 
significantly more expensive than traditional domestic 
suppliers’ standard commercial filters or conventional 
techniques. Moreover, updating ventilation systems, 
which includes increasing outdoor air exchange 
rates and ensuring proper air pressure balance 
throughout the hospital, adds to the financial burden 
during operation[44]. This is particularly true for older 
hospitals, which may require significant structural 
modifications to accommodate new Indoor Air Quality 
(IAQ) systems. The respondents revealed that cost 
concerns are one of the most significant barriers in IAQ 
design when developers and contractors are aware of 
the advantages but are not always ready to pay for the 
upgraded solutions. 

To address these challenges, hospitals in Vietnam 
can consider several strategies. Implementing IAQ 
improvements in phases, focusing on areas at greatest 
risk of airborne infection, such as Patient room, 
Infectious isolation room, Protective isolation room, 
Intensive care unit, Delivery room, Laboratory, and 
Operating/surgical room, can reduce upfront costs. 
Utilising modular air purification systems, including 
low-cost monitoring that can be adjusted as needed, 
offers a cost-effective and flexible solution[9]. 

Additionally, leasing air quality control equipment, 
instead of outright purchases, helps spread the financial 
impact over a more extended period[36]. Forming 
partnerships with private companies for shared 
investments can also lessen the financial load on 
hospitals, making essential air quality improvements 
more manageable and sustainable. 

Design factors.
This factor refers to a project’s “design” and design 
stages. It contains four variables: “D1” project scale 
and planning; “D2” design purpose; “D3” schematic 
design;  and “D4” outdoor issue and regional 
environment. Architectural performance must be set up 
to meet the primary role, i.e., the health of occupants 
and patients’ recovery time, follow regulatory 
standards, as well as minimise the need for future 
renovations[45]. The results of this study emphasise 
the need for a structured design process supported by 
literature, which includes an Initial Assessment and 
Needs Analysis. This phase involves auditing real-time 
air quality index, examining ventilation and filtration 
systems, identifying contamination sources, and 
engaging stakeholders to align with IAQ standards[46]. 
The subsequent Goal Setting and Planning phase aims 
to set measurable air quality improvement objectives, 
incorporating strategies like upgrading HVAC 
systems, pressure - humidity - temperature control, 
improving ventilation methods, adopting advanced air 
purification, controlling building materials, including 
finishing and furniture, and green building practices 
while considering budget and financial viability[35,47]. 
Designers may ensure IAQ through architectural 
design by referring to comprehensive guidelines in GB 
standards such as LEEDs, ASHRAE, and international 
recommendations[7,16,17]. The survey participants showed 
that their barrier to an actual project is finding a reliable 
IAQ professional design unit in Vietnam. Therefore, 
design-related solutions for complex projects such as 
entryway systems, ventilation strategy, façade designs, 
and building envelopes using green materials, e.g., must 
be discussed between design units to ensure IAQ. The 
results also raise the need to update traditional design 
features in Vietnamese hospitals. These conventional 
design features are no longer suitable for contemporary 
IAQ standards and healthcare needs. It notes a shift in 
modern Vietnamese hospital architecture away from 
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outdated designs, such as buildings without entrance 
systems and carpets that accumulate dirt and microbes. 
Instead, there is a move towards natural ventilation 
in areas like patient registration, reflecting a broader  
trend in updating building designs to meet the 
evolving healthcare demands and environmental 
considerations.

Governance factors
Four variables (“G1” owner’s requirements, “G2” 
commercial advantages, “G3” future adaptabilities, and 
“G4” administration) are grouped into the governance 
strategy factors. The group factor shows the importance 
of the purpose and governance system of the project 
based on the local legal framework. However, relative 
to other factor groups, the Governance factor group is 
currently underemphasised, reflecting a notable shortfall 
in attention from governmental and managerial bodies. 
Compared to studies conducted in developed countries, 
the primary factor causing delays in hospital projects 
in Vietnam is the poor ability of owner, management 
and supervision[48]. The regulatory environment is 
undeveloped, and the slow decision-making process is 
considered a high barrier in the Vietnam market[30]. The 
lack of government incentives is similar to the situation 
in green building developing markets[49,50]. Evidence 
from the policy issue, the Guidance for annual hospital 
quality assessment (Decision 6858/QĐ-BYT) includes 
83 criteria to evaluate building facility conditions, 
human resources qualifications, and healthcare basis.

Insights gleaned from developed economies 
underscore the importance of government interventions 
in enhancing the sustainability of the construction 
sector. This aspect of sustainability encompasses not 
only the improvement of living conditions within 
buildings, including aspects like air quality and 
acoustic comfort but also the broader environmental 
impact. To advance the Indoor Air Quality (IAQ) in 
hospitals, it is imperative that government solutions be 
implemented. These should include the establishment 
of guiding standards and mandatory regulations, 
coupled with supportive measures that span both 
procedural guidance and financial assistance. Such 
a comprehensive approach is crucial for improving 
hospital IAQ significantly, aligning with the best 
practices observed in more developed economic 
contexts. Beyond ventilation control systems, the 

building structure, operation, and activities significantly 
impact indoor air quality. Thus, all design team 
members must weigh this possibility and consider all 
potential loads for the concept design.

Technical factors
Technical factors in Vietnam’s medical system 
encompass five key variables, with “T4,” known 
for its compatibility with the medical system, 
“T2” operabil i ty,  “T5” emissions level,  “T3” 
integrated capability, and “T1” feasibility. The use 
of technological advancement is a critical concern 
in contemporary hospital construction to ensure 
adherence to intricate healthcare facility standards 
and facilitate the integration of medical equipment[45]. 
In the context of Vietnam, technology transfer and 
collaboration are vital. Forming partnerships with more 
developed nations or international organisations can be 
highly advantageous for Vietnam, involving not only 
acquiring the physical technology but also mastering 
the necessary skills and training for its effective 
operation and maintenance. Limitations in installing 
building service systems in Vietnam are related to the 
skills of the design and construction consultants, non-
compliance with regulations and lack of inspection 
and evaluation[12]. Therefore, it is crucial to foster local 
innovation and adaptation in Vietnam by consistently 
upgrading technology and enhancing the skills of 
companies. This involves developing solutions tailored 
explicitly to Vietnamese hospitals’ unique needs and 
resource limitations, such as employing low-cost 
materials or more straightforward, more maintainable 
technologies. Additionally, in Vietnam, prioritising 
low-cost technology, like basic air filters or mixed-
mode combinations of natural ventilation methods, can 
serve as an initial step in enhancing air quality[9,44,51]. 
To maintain IAQ in use, management and maintenance 
activities, ventilation systems, cleaning and disinfection 
activities, and contaminant control plans are conducted 
by professionals in the facility[7,46,52]. Creating a 
database that tracks IAQ metrics, pollutant types, and 
quantities in various indoor environments may result in 
prompt response and legislative changes.  

6. Conclusion
Healthcare facilities in Vietnam are at risk of infections 
and building-related syndromes due to inadequate 
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indoor air. Although extensive technological solutions 
and research have been conducted worldwide on IAQ’s 
design, installation, and operation, they are scarce 
and restricted to individual perspectives in Vietnam. 
We reviewed existing literature on factors influencing 
construction technology adoption and architectural 
factors that affect the quality of indoor air in hospital 
projects. This study collects and analyses 160 surveyors 
to identify 16 priority factors relying on the selection 
of IAQ advances; we pave the way for more informed 
choices in adopting integrated technologies, fostering 
healthier indoor environments, and ensuring occupants’ 
health in healthcare buildings.

The median value and factor analysis are applied to 
reveal four main factors in selecting IAQ improvement 
solutions: Economic, Design, Governance, and 
Technical. Intergroup comparison test results show that 
stakeholders considering IAQ solutions often prioritise 
factors relevant to their specific areas of expertise. This 
inclination is partly attributable to the disparities among 
contractor companies and their distinct knowledge and 
proficiency in the field. Firstly, to promote effective 
collaboration, an integrated design team will proffer 
unified solutions according to the articulated needs of 
investors, market demands, and the prevailing legal 
framework. This overarching design concept serves 
as a guiding principle throughout IEQ-related design, 
commencing from the conceptual phase to occupancy. 
Secondly, knowledge and critical factors must be 
considered, from concept design to construction and 
operation, to maintain the IAQ and ensure healthcare 
activities are met. Medical employees, including nurses 
and facility staff, have expressed little understanding of 
ventilation’s efficacy in large-scale hospitals’ strenuous 
environments. Additionally, they frequently need to 

prioritise the quality of ventilation, poor air quality, 
noxious emissions from interior materials, and an 
excessive rise in humidity. Lastly, the utilisation of 
indoor sensors and monitors provides the IAQ index, 
educates and trains personnel to effectively manage 
spaces and operate ventilation systems, and enables 
them to recognise the early warning signs and impact 
on their health. 

However, it is important to note that our research 
has limitations, including the sample size and 
geographical context. 65% of those surveyed abstained 
from engaging in healthcare projects and needed 
more comprehension of the unique prerequisites 
associated with healthcare. Only 5% of respondents 
from healthcare design companies demonstrated a 
comprehensive understanding of prevalent difficulties 
in this field and the most recent national legislation. 
We recommend further investigations to validate 
the applicability of these critical factors through 
in-depth case studies and assessments in different 
regions. It is imperative to recognise that developing 
a sustainable building requires careful consideration 
of local contextual factors and a thorough exploration 
of national standards pertaining to construction 
practices, particularly in densely urban areas within 
Vietnam. This will contribute to a more comprehensive 
understanding of IAQ improvement alternatives 
for healthcare projects across developing countries, 
providing insights that can inform future practices, 
certifications, and policies.
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Appendix A. 

Table A. Influencing variables 

Influencing variables
Key references
Drivers and barriers in GB/ IEQ technology 
adoption

Strategy for indoor air quality in 
hospitals

Higher initial cost, long pay-back
Wang (2018)[49], Ahn (2013)[33], Nguyen 
(2017)[30], Afful (2022)[32], Yang (2015)[31], 
Mittal (2020)[53]

Hama (2023)[35]

Extra cost for technologies, certifications Nguyen (2017)[30], Afful (2022)[32], Wang 
(2021)[54]

H a m a  ( 2 0 2 3 ) [ 3 5 ] ,  M a c n a u g h t o n  
(2015) [38]

Cost benefits/ expenses during operation Ahn (2013)[33], Nguyen (2017)[30], Pandey 
(2017)[42] Hama (2023)[35]

Market demand, Client’s interest Ahn (2013)[33], Wang (2018)[49], Nguyen 
(2017)[30], Afful (2022) [32], Mittal (2020)[53] Hama (2023)[35]
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Continuation Table:

Influencing variables
Key references
Drivers and barriers in GB/ IEQ technology 
adoption

Strategy for indoor air quality in 
hospitals

Branding and competitive advantages Nguyen (2017)[30], Yang (2015)[31]

Government incentives; incomplete/ 
confusing legal framework

Wang (2018)[49], Nguyen (2017)[30], Afful 
(2022) [32], Du Plessis (2007)[36], Yang  
(2015)[31]

Hama (2023)[35]

Public awareness Ahn (2013)[33], Wang (2018)[49], Nguyen 
(2017)[30], Yang (2015)[31] Rodrigo (2018)[21]

Inadequate/ available material; Lack of 
testing institute, measurement system, 
tool supplier

Wang (2018)[49], Nguyen (2017)[30], Afful 
(2022) [32], Wang (2021)[54], Yang (2015)[31] Hama (2023)[35], 

Database and information requirements Afful (2022)[32], Du Plessis (2007)[36], 
Hama (2023)[35], ASHRAE (2021)[16],  
Rodrigo (2018) [21], Brittain et al.  
(2020)[24]

Site planning, outdoor pollution data WHO (2021)[55], Kim et al (2016)[56]
Settimo (2017)[7], Ibrahim(2022) [47], 
Gola (2019)[57], ASHRAE (2021) [16], 
Rodrigo (2018)[21]

Project planning, early-stage assessment 
design 

Afful (2022)[32], Northridge (2013)[58], Hua 
et al. (2019)[59]

Set t imo (2017) [7],  Bri t ta in et  a l .  
(2020)[24]

Conflict/  Compatible with design 
components (dimensional aspects, 
finishing and material)

Wang (2018)[49], Kim et al (2016)[56]
Ibrahim(2022)[47],  Gola (2019)[57], 
ASHRAE (2021) [16], Brittain et al. 
(2020)[24]

Collaborative integration between 
agencies/stakeholders; Communication 
and partnership

Nguyen (2017)[30], Afful (2022) [32], Du 
Plessis (2007)[36], Yang (2015)[31], Mittal 
(2020)[53], Pandey (2017)[42]

Hama (2023)[35], ASHRAE (2021)[16]

Incremental risk and uncertainties in 
processes Nguyen (2017)[30], Wang (2021)[54]

Technical understanding/ capacity and 
skills in designs, building, project team

Nguyen (2017)[30], Afful (2022)[32], Du 
Plessis (2007)[36], Wang (2021)[54], Yang 
(2015) [31],  Mit ta l  (2020) [53],  Pandey 
(2017)[42]

Hama (2023)[35], Rodrigo (2018)[60] 

Education and training Nguyen (2017)[30], Afful (2022)[32], Du 
Plessis (2007)[36], Yang (2015)[31]

Ibrahim(2022)[47],  Gola (2019)[57], 
Rodrigo (2018)[21]

Local construction industry condition Nguyen (2017)[30] Kim et al (2016)[56] Ratajczak (2022)[22]

Control method for Indoor pollutants 
(ventilation system, disinfectant activities, 
etc.)

Ibrahim(2022)[47],  Gola (2019)[57], 
ASHRAE (2021)[16], Shen (2023)[61], 
Rodrigo (2018)[21], Brittain et al. (2020)[24]

Effec ts  of  vent i la t ion  sys tem on 
effectiveness, energy efficiency, and 
health, e.g.

Aaltonen (2013)[62]

Ratajczak (2022)[22], Hama (2023)[35],  
Macnaughton (2015) [38],  Set t imo 
(2017) [7],  Go la  (2019) [57],  Shen  
(2023)[61], Rodrigo (2018)[21]

Technology adoption process and future 
legislation adaptability

Du Plessis (2007)[36], Sepasgoza (2016)[63], 
Yang (2015)[31]

TCVN 13521:2022; Hai (2018)[2], 
Rodrigo (2018)[21]

Building maintenance, operational 
strategy Pandey (2017)[42], Aaltonen (2013)[62]

Ibrahim(2022)[47],  Gola (2019)[57], 
ASHRAE (2021) [16], Shen (2023)[61], 
Rodrigo (2018)[21]

Medical activities, medical equipment, 
and room function

Ibrahim(2022)[47], Gola (2019)[57], Shen 
(2023)[61], Rodrigo (2018)[21]
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