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Abstract: The integration of data sciences and smart technologies in the construction industry, partic-
ularly in air conditioning project management, is an important area of research. This study employs
the Delphi Method to explore this integration, surveying 40 experts in construction management.
Participants were meticulously selected based on a set of inclusion criteria related to age, educational
qualifications, and field experience. The study tests five hypotheses, each scrutinized through a
score-based Delphi analysis. The findings are mixed and shed new light on several dimensions
of air conditioning project management. For instance, the study refutes the commonly held belief
that the location of air conditioning projects significantly impacts worker safety. It also challenges
the assumption that exceeding international safety standards like ISO leads to cost savings. On the
other hand, the study validates the significance of global safety standards and the undeniable role
of data sciences and smart technologies in enhancing human safety in the air conditioning industry.
These findings not only challenge existing models, but also open avenues for further research. They
indicate a complex interplay between safety, cost-effectiveness, and technological integration in air
conditioning project management. The study suggests a shift towards data-driven decision-making
and underscores the need for international safety standards, particularly in an era marked by rapid
technological advancements and globalization.

Keywords: intelligent data analyzing; energy consumption; thermal comfort; air conditioning; Delphi
method; building business

1. Introduction

Construction, encompassing residential, commercial, and industrial buildings, is
responsible for 25% of global energy consumption. In rare instances, this percentage might
escalate to 40%. This energy is primarily utilised for heating, ventilation, air conditioning,
and cooling (HVAC) systems [1].

Solar Absorption Air-Conditioning Systems (SAACS) require more energy and raw
material inputs compared to Conventional Air-Conditioning Systems (CACS), leading to
higher environmental impacts in some categories, like Ecotoxicity Potential (ETP). The use
of metals like vanadium and chromium contributes significantly to these impacts [1]. Heat
is a significant consumed energy resource, playing a crucial role in achieving equilibrium
in the energy equation. Both excessive heat gain and heat loss present challenges. Heat ex-
change primarily occurs at building surfaces, such as walls (in direct contact with sunlight)
and rooftops. The main factor influencing thermal comfort in residential buildings is an
individual’s income. However, ref. [2] advises municipal governments to implement vul-
nerability measures composed of guidelines and responsibilities. These measures should
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outline specific air conditioning, cooling, and heating system requirements. Although indi-
vidual wealth is significant, other variables should be considered in the balance between
energy expenses and thermal comfort. Age, location, and access to alternative energy
sources. such as solar panels and wind turbines, may influence this trade-off. Innovations
in multi-evaporator research cooling have suggested a cutting-edge, freestanding advanced
dehumidification air conditioning (EDAC) system. Ref. [3] provides the results of a test
study detailing the development of the EDAC system and the control method needed to
maintain a consistent indoor humidity level year-round. The document first outlines the
control technique and the precise abrasive process of the EDAC system.

1.1. Smart Technologies

In ref. [4], a study was conducted on a system combining both indirect and direct evap-
orative coolers to form a completely open-air structure. The system included a dehumidifier
and used carbon dioxide (CO) as a tracer gas to evaluate the ventilation efficiency of the
LD-IDECOAS, after liquid-desiccant dehumidification, measurements were also taken of
two volatile organic compounds (VOCs), namely toluene and formaldehyde. Furthermore,
the study examined the varying particle sizes and the colony-forming units (CFUs) of
microorganisms such as bacteria and parasites in the preparation room.

In ref. [5], the sounds of ceiling-mounted air conditioners were recorded in different
classroom, office, and library environments. The study explored the impact of altering
the unpleasant envelope of these noises on acoustic comfort by controlling sound quality.
Using original recordings, tonal components were removed, and sound pressure levels
in the 250–630 Hz frequency range were altered to produce experimental sounds. Peo-
ple responded more positively to sounds with enhanced liveliness in the 250–630 Hz
range, regardless of the presence of tonal components. Statistical analysis showed that
tone and variance quality significantly influenced sound quality measurements, reflecting
individuals’ acoustic comfort.

In ref. [6], the focus is on the conditioning frameworks of HVAC systems, which
must be carefully considered due to the widespread nature of the coronavirus (COVID-19)
worldwide. Within these conditioning frameworks, the discussion is centered around
heating and cooling. The environment contains pollutants, diseases, and microorganisms
that can affect and endanger human lives. The discussion highlights the importance of the
talk channel, a crucial component within the conditioning frameworks.

1.2. Air Conditioning

Efforts have been made to enhance the comfort levels of small and medium-sized
buildings in hot and humid climates using direct expansion (DX) air conditioning (A/C)
systems. However, these methods had certain shortcomings. To address these, a novel
DX-based A/C design called the Twin-Stage DX Air Conditioner (TS-DXAC) has been
introduced in ref. [7]. A control method for the TS-DXAC system has been proposed,
allowing for precise indoor climate regulation under extreme conditions. The TS-DXAC
system’s point-to-point configurations and control process are first explained, and the
developed method includes two separate control computations to cater to both hot–humid
and hot–dry indoor scenarios. In ref. [8], the modeling and prediction methods for indoor
temperature lag response characteristics are explored using time-delay neural networks
(TDNN) and Elman network neural (ENN). The variable air volume (VAV) discussion
conditioning framework is used as a reference to evaluate the suitability and effectiveness
of these proposed methods through game-based analysis data and real-time operational
data. The results indicate that ENN, with its less complex organizational structure, reduced
storage space, and higher forecast accuracy, was a superior modeling technique for pre-
dicting indoor temperature. A working methodology for air-conditioning frameworks
based on the indoor habitation rate (R) was proposed in ref. [9], where the start–stop is
balanced in accordance with R while still meeting requirements for indoor environmental
quality (IEQ). In addition it use to support fresh discussion, the dedicated open-air discuss
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framework (DOAS) is integrated with indoor fan coil units to autonomously control hu-
midity and temperature. With the advanced working approach attached, a framework for
office building air conditioning was tested. According to the test results, the cooling plant’s
energy efficiency ratio (EER) is 4.2%, up 7.2% from when the same system was operating
under previous conditions. Simulation of a hack at the “Bambino Gesù” Vatican State
Children’s Healing Clinic using Computational Fluid Dynamic software (CFD) was studied
in ref. [10]. The study showed that it was able to model the role that HVAC frameworks
play in the spread of the disease. Rooms in detention facilities and treatment facilities were
also depicted as indoor scenarios. Each display’s intake of contaminated air during the
reenacted indoor settings was measured using a specific Infection-Index metric.

Additionally, the potential value of depleted air ventilation frameworks placed over
the mouth of the hacking patient was examined. Luca Borro [11] reported that a conditioned
research facility was evaluated for improvements in Indoor Air Quality (IAQ) through
intermittent cleansing of pre-cooled air. The default scenario makes no changes to the
current process, assuming a continuation of existing conditions. Sixty percent of occupants
reported feeling discomfort within the facility, and 58% noticed unpleasant odors when
discussing quality-of-life concerns. The air was cooled to 28 ± 0.3 ◦C before entering the
facility, thanks to a Pre-Cooling Unit (PCU) that efficiently uses AC condensate released at
16–17 ◦C. The outdoor air temperature was reduced by 3–3.5 ◦C using the PCU’s intelligent
and passive cooling frameworks. A study in ref. [12] shows that both a subjective survey
and an objective field experiment were conducted. Various topics, including occupant
behavior, the indoor environment, and operational features, were extensively explored in
the subjective survey. Based on these findings, field tests were performed, combining indoor
environmental conditions with energy performance testing. The results revealed significant
differences between the cooling and heating modes, with both modes substantially reducing
the overall room temperature.

A study in ref. [13] examines the influence of Vertical Greening Systems (VGSs) and
Green Roofs (GRs) on the indoor temperature of an air-conditioned space, a factor repre-
senting human thermal comfort. The research focuses on the effects of VGS and GR on
indoor temperatures. Two climatically controlled test rooms in the Chinese city of Xiangtan
were used, one with VGS and GR and the other without. Both rooms maintained consistent
indoor temperature settings. During the summer of 2018, the thermal indoor and outdoor
conditions were monitored and recorded in real-time. In ref. [14], the solar cooling load
(SCL) of an air conditioning system is significantly reduced, leading to a minimal decrease
in solar energy usage (SEU). The study simulated the SCL in a large-space building with
varying airflow distributions and compared the SEU using a single cooling source with
multiple low-grade cooling sources for handling air circulation. This comparison aimed to
maximize the energy-saving potential of efficient airflow delivery and minimize the SEU.
Stratum ventilation (SV), an advanced indoor air distribution technique, has been utilized
in various building locations, as described in ref. [15]. The clear advantage of SV over
conventional mixing ventilation (MV) is its potential to provide indoor thermal comfort
while reducing energy consumption for cooling. High-temperature cooling can further
enhance the energy performance of solar-powered air conditioning. Consequently, the com-
patibility of SV with solar-based air conditioning systems was assessed. The solar-powered
air-conditioning systems examined in this study included the solar-powered absorption
cooling system (SAbCS) and the solar-powered adsorption cooling system (SAdCS).

1.3. Delphi Method

The Delphi method is a well-established research technique commonly used for achiev-
ing consensus among experts on complex topics, including those in the field of energy.
Whether the topic is renewable energy adoption, energy efficiency, policy development,
or technical innovation, the Delphi approach has proven to be an effective instrument for
eliciting expert opinions and guiding decision-making [16]. In energy studies, many rounds
of questionnaires are routinely given to a panel of experts. These experts may consist of
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politicians, academics, business leaders, and other interested parties [17]. Typically, the first
round consists of questions designed to elicit a variety of opinions. Subsequent rounds are
devoted to developing these viewpoints and advancing towards consensus [18]. One of
the primary benefits of employing the Delphi method in energy research is its capacity to
combine both quantitative and qualitative data, providing for a more holistic perspective
on complicated situations [19]. For instance, experts may be requested to assess various
renewable energy systems based on characteristics such as cost, environmental effect,
and efficiency. These rankings may then be evaluated analytically to determine trends or
consensus [20].

Previous research activities on energy consumption control and efficiency enhance-
ment of Heating, Ventilation, and Air Conditioning (HVAC) systems have mainly focused
on active and passive approaches for maintaining a thermal environment. Passive technolo-
gies have been identified as a potential solution for achieving a balance between thermal
comfort and energy consumption. The trade-off between thermal comfort and energy is a
persistent problem with HVAC systems designed to regulate human comfort. In the north-
ern Iraqi state of Mosul, energy utilisation and management are crucial, but construction
projects often lack a robust strategy for energy-thermal comfort regulation. Deploying
highly powered HVAC systems without concern for energy problems and emissions sug-
gests a lack of awareness about globalised standards. In the previous work, the trade-off
between thermal comfort and energy consumption is not considered in designing HVAC
systems to regulate human comfort and improve air-conditioning systems. To the best of
the author’s knowledge, there is a limitation that needs to be adressed, and thus this work
was conducted. One of the novel aspects of this research is its focus on the city of Mosul in
Northern Iraq, a region where comprehensive studies on HVAC systems are not abundant.
The paper employs the Delphi method, a less commonly used statistical methodology in
this field, to address the complex interplay between energy consumption and thermal com-
fort.With buildings being responsible for up to 40% of global energy consumption, mainly
through HVAC systems, the study addresses an issue of global importance. The paper aims
to find a balance between energy consumption and thermal comfort, a long-standing issue
in the HVAC field.The contribution of the proposed work can be summarised as follows:

• In this paper, a comprehensive survey was conducted in the North of Iraq, Mosul
city, where 40 management experts, comprising engineers, technical personnel, and
labourers, were considered.

• The questions were designed to address five hypotheses, with each set of five questions
corresponding to one hypothesis. The results were obtained after pre-processing the
data using Matlab software.

• The purpose of this paper is to investigate how the Delphi method has been used and
the tradeoff in its methodological considerations between thermal comfort and energy
consumption.

• Results were analysed using the Delphi method. The analysis revealed that only two
hypotheses were approved: no matter whether there are nationalised safety rules ot
not, the impact of data sciences and smart technologies, including air conditioning
management systems, is critical for human life in the building business.

2. Materials and Method

A careful understanding of global air conditioning, cooling and heating systems
problems reveals that energy is the major area of dispute due to the limitation of energy
resources and the hefty cost of energy generation/renting in most counties across the
globe. For this reason, globally-based organisations such as the international standard
organisation (ISO) are established to set up the necessary roles and regulations while
adopting any technology, including air conditioning, cooling and heating. Thus, in regard
to the selected study sample, i.e., (the Mosul constructions community), the following
questions are set and expected to be answered while proceeding with the research work.
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Q1: How familiar are apartment owners, business owners, and employees with the ex-
penses associated with achieving thermal comfort?

Q2: What technical strategies are mechanical engineers and air-conditioning professionals
implementing to balance thermal comfort and energy consumption in various indoor
air-conditioning projects?

Q3: Are any precautions taken by urban planners and building civil workers, such as
site engineers, designers, and contractors, to prevent thermal losses and optimise the
performance of air-conditioning systems?

Q4: What are the minimum energy efficiency standards (MEES) used in the state’s build-
ings?

Q5: Is it possible to retrofit the thermal configurations of old buildings to meet the required
energy preservation standards?

To manage the uncertainties of future development, scenarios are used to envision
alternative futures. Scenarios describe future developments within a specific field, often
in a predetermined geographical area. A scenario is a description of a possible, probable,
desirable or undesirable future [21], and scenario development is an important tool, as the
future is uncertain, and we should prepare for multiple plausible futures [22] as shown in
Figure 1.
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Delphi studies are often used to develop future scenarios [23] by academia, industry
and governments. It is suggested that it is important to gather experts’ opinions and reach
a consensus when faced with an uncertain future. The approach has gained ground in
social science and business to solicit expert opinions. The method’s basic principles are
anonymity, repetition, controlled feedback, and group response. Typically, the goal is to
achieve the most reliable consensus among experts on a given topic. The study is usually
carried out in the form of a questionnaire conducted with a panel of experts in the field.
The method has been used in many ways and is often combined with other methods [24].
The Delphi method is a structured communication strategy that was initially established as
a methodical, interactive method for forecasting that depends on an expert panel. In the
context of energy usage and thermal comfort, this strategy may be very helpful for reaching
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an agreement on the optimal methods for optimizing both [25].Complex variables, such as
building design, materials, climate, user behaviour, and technology advancements, impact
energy use in the industrial and commercial sectors. On the other hand, thermal comfort
is a state of mind that conveys happiness with the thermal environment and is impacted
by variables such as temperature, humidity, air velocity, clothing, and metabolic rate [26].
In this use of the Delphi technique, a panel of experts replies to surveys independently in
at least two rounds. After each round, a facilitator provides an anonymized overview of
the forecasts and arguments provided by the experts in the preceding round. Therefore,
experts are encouraged to revise their prior comments in light of those of other panel
members [27]. The process will continue until a resolution is reached. This iterative
method is advantageous for handling the complexity surrounding energy consumption
and thermal comfort. Using the pooled expertise of diverse professions, such as engineers,
architects, energy analyzers, and human comfort specialists, the Delphi method may
develop innovative ideas and methods. These may include the design of energy-efficient
buildings, the creation of new insulating materials, the development of intelligent HVAC
systems, and the formulation of guidelines for achieving thermal comfort with minimal
energy use [28]. Since it allows for the integration of quantitative and qualitative data
(such as energy consumption measurements), the Delphi method is particularly effective in
these circumstances (such as occupant comfort perceptions). Through repeated rounds of
structured inquiry and feedback, it is feasible to develop a more thorough and well-rounded
understanding of the complex relationship between energy use and thermal comfort [24].
Forty construction management experts, comprising engineers, technical personnel, and
laborers, were given questionnaires totaling 25 questions divided into five categories. To
preserve certain criteria for the purpose of making decisions about which individuals
should be included and which should be excluded, we filtered the candidates based on
their educational qualifications.

Inclusion criteria based on candidates must fit into the permitted age range according
to the options given in the biometric section of the survey. The permitted educational level
is according to the options provided in the biometric section of the survey, the permitted
level of field experience is according to the options given in the biometric section of the
survey, and the applicants must be a mix of male and female petroleum employees and
research scholars [29].

After this, any candidates who did not meet the inclusion criteria outlined in the
preceding section were eliminated to maintain our exclusion criterion. However, a deadline
of 14 days was set for each candidate (interested in participating) to respond with his
comments on the aforementioned survey. Google Forms broadcasts the questions, and
coworkers who are interning share the link with their community organizations. Only
experts with relevant job experience in the research area were allowed to participate;
thus, each applicant had to email to the thesis author their resume and other pertinent
information [30].

2.1. Delphi Method Procedures

The Delphi method is a type of statistical methodology that uses surveys to gather
data from participants and aims to create an agreement over specific facts. Data must be
generated appropriately and used in the analysis after information is obtained from the
field experts. This procedure is carried out in the following steps: Establishing the survey
involves creating questionnaires that address the controversy or research subject. The
survey’s question count will vary based on the size of the issue and the range of potential
solutions. Survey questions may target knowledge inquiries and the use of ambiguous
or hidden facts is becoming more common. Study candidates are individuals or groups
who voluntarily participate in a survey study by sharing their knowledge and opinions.
The number of applicants must be carefully chosen in accordance with specific parameters
and needs. Feedback/Responses: This refers to the collection of responses that the survey
candidates gave to the survey’s questions. Qualifications: Candidates chosen should have
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sufficient field research experience in addition to suitable academic credentials. Each
candidate’s age should fall within the acceptable range to maintain the poll’s validity.

The Delphi technique includes a step called “sharing the survey”, in which the survey
questions are distributed to the applicants by fax, email, post, personal (face-to-face)
interviews, telephone interviews, web forms (with links that may be shared), social media,
etc. Their replies are anticipated to reflect their unique ground-level experiences in exports.
The questions may be carefully crafted to achieve more accurate responses so that the
applicants (exports) are to provide feedback after blending their professional experience
and their educational (academic) qualifications.

Coding: the applicants’ responses are often provided as text data or an alphabetic–
numerical combination. Any analysis must first go through pre-processing; during this
phase, data may be converted into a numerical format compatible with analysis tools.

Approach to scoring: Most surveys that employ the Delphi technique allow score-
based data analysis to be performed on the information in order to comprehend the
influence of each question on the hypothesis. Most surveys using the Delphi technique use
standardized feedback or answers like neutral, strongly agree, strongly disagree, agree,
and disagree. When an answer of the sort specified in point (g) is given a score, a number
is assigned to it; these scores are expressed as numerical values in Table 1. The mean of
each question response must be calculated as points are given for each response (feedback).
Figure 2 show the block diagram for the Delphi method.
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Here is a detailed step-by-step methodology:
Selection of Experts:
The first step in the Delphi method is to select a panel of experts. These experts should

have knowledge and experience related to the topic or issue under investigation.
The size of the panel can vary, but it is important to ensure that it is not too large to

manage or too small to capture diverse opinions.
Initial Questionnaire:
The experts are provided with a questionnaire that seeks their opinions, forecasts, or

solutions related to the topic.
This questionnaire can be open-ended, allowing experts to give detailed responses.
Analysis of Responses:
Once the questionnaires are returned, the responses are analyzed. Common themes,

trends, and patterns are identified.
This step may involve quantifying the data, especially if the experts have provided

numerical forecasts or ratings.
Feedback to Experts:
Based on the analysis, a summary of the responses is prepared and sent back to the

experts. This summary may include average or median scores, patterns observed, and any
other relevant insights.
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Alongside this summary, experts are usually provided with the reasons behind their
judgments, especially if these are outside the consensus or common range.

Subsequent Questionnaires:
Based on the feedback, experts are given a chance to revise their earlier responses.

They might be asked to justify their views or consider the views of others.
This iterative process can involve several rounds of questionnaires. Each round aims

to narrow down the range of responses and move closer to a consensus.
Reaching Consensus:
The goal of the Delphi method is not always to reach a complete consensus, but to

reduce the range of responses and to understand the underlying reasons for any remaining
disagreements.

After several rounds, a final report is prepared that captures the collective judgment
of the experts.

Final Report:
This report presents the findings and consensus (if any) reached by the expert panel.

It will detail the process, rounds of questionnaires, and the evolution of responses.

Table 1. Reply Coding with respect to the Delphi method.

Sl. No. Answers/Feedbacks Values (Weights)

1 when reply “male” 2
2 when reply “female” 1
3 when reply when reply when reply “less than 25” 2
4 when reply “25–34” 3
5 when reply “35–44” 4
6 when reply “above 45” 3
7 when reply “Dip” 2
8 when reply “Br” 3
9 when reply “Mr” 4
10 when reply “environmental sciences/engineering ” 2
11 when reply “air conditioning” 3
12 when reply “Project Management” 4
13 when reply “Maintenance” 3
14 when reply “Computer programming” 6
15 when reply “>21” 5
16 when reply “13 to 20” 2
17 when reply “7 to 12” 3
18 when reply “<6” 2
19 when reply “nothing” −1
20 when reply “neutral” 2
21 when reply “strongly agree” 1
22 when reply “strongly disagree” −4
23 when reply “agree” 2
24 when reply “disagree” −4

2.2. Gender Distribution, Educational Qualifications and Experience Level

Gender Distribution: pre-processing is carried out to change the responses into nu-
merical representation to match the results for all candidates. However, the number of
male candidates who responded to the aforementioned survey within the specified time
frame and met the inclusion requirements was calculated in order to ascertain the gender
distribution. A total of 39 individuals were ultimately selected for the survey. There are
27 men and 12 women among them. The same is seen in the figure below.

Educational Qualifications: Candidates were subjected to a thorough inquiry to de-
termine their suitability for the survey by examining their educational requirements in
accordance with the inclusion standards. There are three categories: diploma, bachelor’s
degree, and master’s degree, but in the poll, the phrase “Master and higher” was used
to refer to all higher education, such as master’s, doctorate, and post-doctoral programs.
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The distribution of the total survey respondents across the various educational groups is
shown in the results from this stage in the form of a figure. Results indicated that most of
the applicants were engineers and other technical experts. Finally, about 15% of all workers
are considered to have higher education, including research scholars, consulting engineers,
and designers. The second largest group is believed to have a diploma degree, consisting
largely of workers and professional labor. The candidate’s further training or education
in relation to skill enhancement is the second stage of verification that falls within the
inclusion criteria. This step, though, is only supportive and not necessary to rule out a
certain candidate. The figure below shows the outcomes of this step. Results indicate that
most candidates did not receive any forced training or skill improvement. Only about 20%
of them were given those specific courses.

On the other hand, in this case, we mimicked the survey to determine where all
the candidates are employed as construction management employees. According to our
research, about 12% of them are not physically employed in the construction management
industry. The figure below demonstrates why those people were chosen for the survey: they
are primarily researchers and project designers with an interest in building construction.

Experience Level: Four categories, 1–5 years, 6–10 years, 11–20 years, and 21–30 years,
are used to categorize the experience being gathered. It was believed that 30 years old was
the cutoff age for the service and that one year of experience was the absolute minimum.
Results revealed that most of the included applicants are between 11 and 20. The illustration
below shows the same. The survey was designed to include various experts in the fields of
energy management, architecture, engineering, and human comfort. Each question aimed
to probe different facets of energy consumption and thermal comfort. The respondents
were given the option to answer on a five-point Likert scale ranging from Strongly Agree
to Strongly Disagree, with Neutral as a central point.

For the purpose of this study, pre-processing was carried out to convert the survey
responses into a numerical representation, ensuring uniformity across the results for all
candidates. An analysis was specifically conducted to assess the gender distribution among
the respondents who met the inclusion criteria within the designated time frame for the
survey. Based on the survey responses, the majority of the participants were engineers
and technical specialists. About 15% of the respondents hold advanced degrees and
work in roles such as research scholars, consulting engineers, and designers. The next
substantial group mainly comprises individuals with a diploma, who are largely employed
as skilled laborers and professionals. As a secondary verification step, we also evaluated the
candidates’ additional training or skill enhancement in relation to the study. However, this
was considered a supplementary criterion and was not deemed essential for eligibility. The
data revealed that a minority—around 20% of the candidates—had undergone specialized
courses or training for skill enhancement. The study also sought to identify the sectors
where the candidates are employed. Specifically, we simulated the survey to include
only those working as construction management employees. Contrary to expectations,
our findings showed that about 12% of the respondents are not actively engaged in the
construction management sector. These individuals were primarily researchers and project
designers with vested interests in building construction, providing a rationale for their
inclusion in the study. The participants’ professional experience was categorized into
four different groups: 1–5 years, 6–10 years, 11–20 years, and 21–30 years. The study
established that one year of experience was the minimum eligibility criterion, while 20 years
was considered the upper limit. The survey results indicated that the majority of the
selected candidates have experience ranging between 11 and 20 years. Out of a total of
39 individuals chosen for this study, the gender breakdown is as follows: 27 men and
12 women participated. This implies that approximately 69% of the respondents were male,
while 31% were female.
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2.3. Response Analysis

Understanding the viewpoints of stakeholders is vital in the dynamic and intricate
subject of energy consumption and thermal comfort. This section address the utilization
of a structured questionnaire to examine if there is agreement or disagreement on energy
efficiency and thermal comfort. According to Table 2, answers to the survey’s 25 items
were grouped as follows: Neutral, Strongly Agree, Strongly Disagree, Agree, and Disagree.
As given in the Table 2, the summarised replies reflect a wide and fascinating pattern
of viewpoints. Certain issues drew a strong consensus, but others aroused substantial
disagreement or neutral attitudes. Questions like as 3 and 16 indicate an inclination toward
great agreement. For example, 26 people highly agreed with question 3, whereas just one
strongly disagreed. This may denote a prevalent expert view or a generally regarded best
practice for the issue at hand. In contrast, replies to questions such as 5, 6, and 19 revealed
substantial disagreement or polarization. Such divergence may provide insight into difficult
or intricate situations where perspectives differ considerably. More qualitative study is
necessary to comprehend the underlying causes of these disparities. Neutral replies were
more prevalent for several items, including 1, 7, 9, and 10. This trend might indicate either
a lack of adequate knowledge to develop a definite view, or that the questions addressed
topics with intrinsically ambiguous or complex elements. Questions such as 2, 4, and 25
had a more even distribution among the categories, with no discernible preference for a
particular answer. This may indicate complex challenges that are regarded differently by
different specialists, necessitating an interdisciplinary approach. This study’s varied replies
provide a useful overview of the complicated terrain of attitudes about energy usage
and thermal comfort. They emphasize the need for thorough examination of multiple
viewpoints, the significance of encouraging conversation among diverse specialists, and the
need for more study to deconstruct the underlying causes of agreement or disagreement.
Such results aid policymakers, academics, and industry experts in their decision-making
by giving a deeper grasp of the conventional wisdom, prevalent norms, and contentious
regions within these crucial sectors.

Table 2. The number of responses categorized by their respective categories.

Ques. No. Neutral Strongly-Agree Strongly-Disagree Agree Disagree

1 22 2 1 7 5
2 9 2 13 13 15
3 1 26 12 15 1
4 2 14 1 19 2
5 3 6 15 13 10
6 8 1 12 5 15
7 19 0 3 18 5
8 6 3 3 29 1
9 18 1 2 15 5
10 14 1 3 25 7
11 3 6 3 18 8
12 13 9 2 18 2
13 11 2 2 23 7
14 14 2 2 23 7
15 12 2 2 27 1
16 8 16 2 29 1
17 16 7 4 14 1
18 11 6 5 12 8
19 9 6 10 8 12
20 11 12 1 18 3
21 2 14 9 5 29
22 8 14 1 13 12
23 8 10 2 13 1
24 23 4 2 13 13
25 6 12 3 21 1
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2.4. Neutral Responses

According to the data, neutral is present in virtually all the questions. The overall
value of the neutral responses is 247 out of 975 (the total scores, e.g., 25 × 29). Questions 1,
7, and 24 receive the most evenly distributed responses, whereas questions 3, 21, and 11
receive the least.

2.4.1. Strongly Agree Responses

According to the results, the questions where Strongly Agree is present are shown
in Figure below. The total value of the Strongly Agree responses is 112 out of 975 (the
total scores, e.g., 25 × 29) for the questions. The questions with the highest percentage
of “Strongly Agree” responses are Questions 3, Question 4, and Question 26, whereas the
lowest three are Questions 1, Question 2, and Question 6.

2.4.2. Strongly Disagree Responses

According to the data, Strongly Disagree responses can be found in virtually all
questions. The overall value of these responses is 62 out of 975 (the total scores, e.g., are
25 × 29). The questions with the highest percentage of Strongly Disagree responses are
Questions 21, Question 19, and Question 5, whereas the lowest three are Questions 1,
Question 3, and Question 4.

2.4.3. Agree Responses

According to the results, Agree can be found in virtually all of the questions. The
Agree responses have a total value of 407 out of 975 points (the total scores, e.g., are 25 × 29).
The questions with the most “Agreed” answers are Questions 7, Question 14, and Question
23, whereas the least agreed-upon questions are Questions 5, Question 21, and Question 1.

2.4.4. Disagree Responses

According to the results, disagreement can be discovered in practically all of the
questions. The overall value of disagreement responses is 137 out of 975 (the total scores, e.g.,
25 × 29). The questions with the most disagreeable responses are Questions 21, Question 6,
and Question 2, while the least disagreeable responses are Questions 3, Question 12, and
Question 15. Responses can be summarized by calculating their impact with reference to
the total impact, as in Table 3.

Table 3. Total count of each response (comparison).

Responses Number of Responses

Neutral 274
Strongly-Agree 122

Strongly-disagree 62
Agree 407

Disagree 137

3. Results and Discussions

The aforementioned hypotheses are examined using the Delphi method, with the
replies provided as examples. Table 4 displays the score for each question along with the
question’s labelled hypothesis. Between −28.21 and 78.21, the findings for Hypothesis
H1 vary considerably. In some instances, negative ratings may imply significant disagree-
ment or rejection of the idea, while high numbers indicate agreement or validation. The
inconclusive findings may show that the validity of H1 is affected by subtle or complicated
circumstances, and the lack of agreement may indicate that H1 deserves additional exami-
nation and explanation. Also, Hypothesis H2 yields mixed findings, with negative scores
ranging from −42.87 to 34.555 and positive values ranging from 0 to 34.555. Negative
numbers may indicate settings in which the hypothesis was not supported, while positive
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ones reflect its validation. The disparate findings for H2 again highlight the need for a more
nuanced investigation by decomposing the hypothesis into more precise components or
evaluating other variables that may impact the results. Consistently positive, the findings
for Hypothesis H3 range from 22.22 to 42.333 [23]. This suggests that the theory is generally
supported or validated across all issues or situations investigated. The consistency in the
positive direction may indicate that H3 is a robust and well-supported hypothesis, but it
may still benefit from an investigation into why the scores vary and whether individual
elements contribute to its acceptance. All associated questions provide affirmative results
for Hypothesis H4, with values ranging from 21.00 to 78.99. This constancy in positive
ratings may be seen as a solid endorsement of H4, yet the range of results reflects varied
degrees of agreement or confidence in the hypothesis [23]. Different interpretations of
the hypothesis or varying degrees of evidence supporting it in different situations may
account for this discrepancy. Lastly, the findings for Hypothesis H5 range from −50.21 to
55.32 and are both negative and positive. This large range, including the unusually low
negative score, shows significant disagreement or contradiction with this concept. Such
diverse findings need a thorough investigation of the underlying variables that lead to
different outcomes, which may necessitate a reevaluation or reformulation of H5. The
results presented in Figure 3 provide a complicated picture of the investigated hypotheses.
Some hypotheses (such as H3 and H4) seem to receive consistent support, while others (H1,
H2, and H5) provide more contradictory findings. These results give important information
on the validity and applicability of the hypothesis.

Table 4. The findings of the hypothesis testing.

Ques. No. Hypothesis Linked Results

1 H1 −2.56
2 H1 −28.21
3 H1 78.21
4 H1 65.38
5 H1 −8.97
6 H2 −42.87
7 H2 12.3
8 H2 22.33
9 H2 34.555
10 H2 21.888
11 H3 26.66
12 H3 42.333
13 H3 24.88
14 H3 22.22
15 H3 23.77
16 H4 78.99
17 H4 44.532
18 H4 21.00
19 H4 21.763
20 H4 44.32
21 H5 −50.21
22 H5 1.33
23 H5 55.32
24 H5 −2.87567
25 H5 53.876

The findings and scores for each hypothesis are shown in Table 5, which displays the
choices that resulted from the selection of 110 as the test process cutoff. In the modern
global scene, uniform safety standards and technological innovation have emerged as
of the utmost importance for all sectors. The first hypothesis emphasizes the need for
international safety standards, notwithstanding the existence of national rules. This urge
for consistency is not only an operational issue; it also resonates strongly with globalization
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of commerce, consumer safety, and the complicated network of supply chains that char-
acterizes contemporary economies. The benefits of a simplified, generally applicable set
of criteria cannot be overstated, notwithstanding the criticism that global standards may
miss regional variations. Concurrently, the second hypothesis focuses on a business that
is often marginalized in safety discourse: the air conditioning industry. The combination
of data sciences and intelligent technology provides a diverse approach to safety in this
context [21]. Predictive analytics and real-time monitoring are reactive procedures that
grow into preventative ones to avert possible dangers. In addition, these technologies
contribute to energy efficiency, which is consistent with larger environmental sustainabil-
ity objectives. The objections to cost and data privacy are significant but do not lessen
the overall positive effect on human safety and well-being. These ideas provide a com-
prehensive perspective on contemporary safety procedures and technology integration.
The ramifications extend beyond individual industries and hint at a paradigm change in
which international cooperation and the sensible use of technology generate a safer, more
interconnected society. Recognizing the multilayered complexity of safety in a globalized
society, the discourse calls for more thorough study and strategic planning to completely
realize these principles [21].
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Table 5. Testing hypotheses and making decisions based on the results.

Label Statement Decision Score

H1 The safety of workers/professionals is significantly impacted by the location
where air conditioning projects are implemented. Rejected 103.83

H2 The cost reduction formula is improved by surpassing international safety
standards, such as ISO 50001, that have a global reach. Rejected 56.41

H3 Even if there are national safety codes in place, it is crucial to have global
safety standards. Approved 130.76

H4
The significance of data sciences and smart technologies, such as safety
management systems, cannot be overstated when it comes to human life in the
air conditioning industry.

Approved 144.87

H5 Ignoring environmental constraints is necessary for breaking even on any air
conditioning projects. Rejected 64.102

The assessment of safety standards and cost-cutting techniques in the air conditioning
business has produced results that contradict two theories first suggested. The first hypoth-
esis proposed that the placement of air conditioning projects would substantially influence
the safety of employees or professionals. Contrary to predictions, the study finds that
site-specific risks are often minimized by adherence to conventional safety measures, con-
stant professional training, and high-quality materials and equipment. This highlights the
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universality of safety standards and lessens the significance of location as a distinguishing
element in worker safety [31]. The refuted second hypothesis stated that the cost-cutting
formula might be improved by exceeding international safety requirements, such as ISO
50001. Although intuitively tempting, actual evidence demonstrates that the association
between exceeding these requirements and cost savings is not linear. Conformity to these
standards often improves quality and safety, but exceeding them does not always result
in equal cost savings. Excessive measures that exceed accepted norms may result in the
allocation of resources without evident gains in safety or productivity [32]. In addition, it
might lead to a divergence between best practices and internationally recognized safety
standards. The denial of these assumptions provides vital insight into the complex dynam-
ics of safety and cost-effectiveness in the air conditioning business. It challenges frequently
held ideas and gives a clearer route for future study, emphasizing adherence to established
worldwide standards and holistic safety management as opposed to location-specific or
unnecessary precautions. This viewpoint promotes a more balanced approach to industrial
processes, in line with global tendencies and technology advances. In a study employing
both the Delphi method and simulation techniques, several key limitations could arise [33].
For instance, the simulation model may simplify real-world complexities, affecting the
generalizability of results. The selection of experts in the Delphi method could introduce
bias if not sufficiently diverse or representative. Assumptions of static conditions in the
simulation may not align with dynamic real-world settings, while the quality of historical
or empirical data used could impact reliability. Computational constraints might limit
the simulation’s scale or complexity, and the Delphi method’s focus on achieving expert
consensus may not capture a diverse range of opinions. Time constraints could limit the
study’s depth, and cultural or linguistic nuances may affect international applicability.
Assumptions about human behavior and low response rates in Delphi rounds could further
impact findings. Acknowledging these limitations adds transparency and rigor to the study,
offering valuable insights for interpreting results and setting the stage for future research.

4. Conclusions and Recommendation

This study explores the practices and management strategies employed in air condi-
tioning projects within the construction industry. Through a structured survey involving
39 participants and 25 questions distributed across five categories, this research investigates
various aspects, including air conditioning systems and international safety regulations.
The combination of Matlab software and the Delphi method for data analysis further en-
hances the study’s credibility by involving experts’ opinions via iterative rounds to achieve
consensus. This study confirms two out of its hypotheses, emphasizing the significant im-
pact of air conditioning management systems on human wellbeing within the construction
industry and highlighting the crucial role played by international safety standards.

It concluded that the results of this study can potentially assist construction firms
in optimizing their air conditioning management strategies and enhancing both safety
and efficiency. The emphasis on international safety standards could lead to the adoption
of more rigorous safety practices, potentially reducing accidents and improving overall
safety on construction sites. Additionally, this research catalyzes a more integrated ap-
proach, promoting collaboration and information exchange among various stakeholders
in the construction industry. These insights open several avenues for further exploration.
Future study is required to investigate the applicability of the findings to other domains
within construction management. Investigating the economic implications of adopting
international safety standards and a more interconnected approach would also be valuable.
Moreover, conducting longitudinal studies will be instrumental in analyzing the long-term
impact of implementing the recommended air conditioning management strategies on the
health and safety of construction workers.
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