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Abstract: Material selection in buildings profoundly affects project success, encompassing durability,
maintenance, customer satisfaction, production systems, lifecycle, usage, environment, and costs. Yet,
there is a need for further research on indicators for choosing materials in prefabricated buildings.
Therefore, this study’s main objective was to identify the indicators (criteria and sub-criteria) for
selecting materials for prefabricated wooden construction and, subsequently, categorize these criteria
and sub-criteria based on the perspective of industry professionals. To achieve this goal, three phases
were carried out. First, a literature review was conducted to identify potential criteria for choosing
structural and envelope materials in wooden prefabricated buildings. Second, a pilot survey was
conducted in Canada and the United States to classify the priority order of the criteria obtained from
the literature based on professionals’ opinions. Finally, Monte Carlo simulations were conducted
with different iterations (1000, 10,000, and 100,000) using the data obtained from the previous phase
to improve decision-making and classification processes. For the indicators to select materials, the
literature review identified seven main criteria: performance properties, green materials, energy
efficiency, circular economy, site conditions and material logistics, standards, and social impact.
These criteria contained a total of 25 sub-criteria. The pilot survey data analysis demonstrated
that the performance properties, site conditions and material logistics, and social impact criteria
were consistently prioritized. The critical sub-criteria identified were fire resistance, watertightness,
local availability, occupant health, and safety and protection. For the Monte Calo simulations, the
predictions aligned with the pilot study, enhancing the robustness of the results.

Keywords: classification; criteria; consensus; construction; materials; properties; severity index

1. Introduction

Wooden buildings represent a significant percentage of single-family homes in North
America (90%), Europe (70–45%), and Japan (45%) [1]. In addition, other countries, despite
having lower percentages, boast substantial volumes of wooden construction. Approxi-
mately 20% of buildings in Chile are wooden, amounting to nearly 1.3 million homes—a
significant market share [2]. In contrast, Brazil has around 6.7% of buildings made of
wood, a smaller market share but representing over 3.8 million wooden houses due to its
larger volume [3]. Prefabricated wood construction (wall and modules) is a method for
fabricating building components in controlled factories and assembling them on-site [4].
However, there need to be more studies that provide a holistic overview and guidelines for
material selection in prefabricated wood construction, despite the availability of research
on material and building performance. Material selection during building design is crucial
as it significantly impacts the project’s success, including durability, maintenance require-
ments, customer satisfaction, production systems, life cycle, use, operating environment,
and costs [5,6].

To address this gap, multi-criteria decision analysis (MCDA) can be a valuable tool
for selecting the most appropriate materials. MCDA is a comparative support tool that
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allows for assessing alternatives based on competing criteria [7]. It offers decision-makers
a structured approach to selecting choices by considering various perspectives or measures.
Survey analysis, which involves gathering and compiling insights from a selected group
of professionals, can be used to analyze and classify these criteria [8–13]. In addition,
surveys can enhance the understanding of specific themes or criteria and accelerate the
decision-making process, leading to increased decisiveness [14]. Surveys have been used
in various fields, such as medicine, infectious animal diseases, and education, to gather
opinions and reach a professional consensus [15–18]. For example, [19] used surveys to
obtain expert agreement in identifying critical success factors for transitioning toward
sustainable universities, while [20] conducted surveys among professionals in the construc-
tion industry to develop a model for selecting facade materials with lower maintenance
requirements. In addition, Monte Carlo Simulation, a statistical technique involving mul-
tiple simulations to predict scenarios by calculating probabilities, can be integrated into
decision-making and classification processes to improve confidence in the results obtained,
address the inconsistency, and mitigate small-sample bias [21–23]. In addition, Monte Carlo
Simulation is a strategy commonly employed to assess theoretical situations and perform
“what-if” examinations within systems or procedures where conducting experimental trials
proves excessively expensive or unfeasible [24,25]. This technique uses random sampling
and iterative approaches to create models based on different sets of randomly generated
probability values, resulting in a stable output probability distribution. Monte Carlo simu-
lations can help better forecast outcomes, minimize decision-making risks, and improve
the accuracy and reliability of results [26,27]. Despite the potential of these methods, there
need to be more studies in the scientific literature that summarize the criteria for choosing
structural and envelope materials for prefabricated construction in North America, par-
ticularly in Canada and the United States. Therefore, this study’s main objective was to
identify the indicators (criteria and sub-criteria) for selecting materials for prefabricated
wooden construction and, subsequently, categorize these criteria and sub-criteria based on
the perspective of industry professionals.

2. Methodology

The methodology for this study involved three phases. First, a literature review was
conducted to identify potential criteria for choosing structural and envelope materials in
wooden prefabricated buildings. Second, a pilot survey was conducted in Canada and the
United States to classify the priority order of the criteria obtained from the literature based
on professionals’ opinions. Finally, Monte Carlo simulations were conducted using the data
obtained from the previous phase to improve decision-making and classification processes.

2.1. The Identification of Selection of Criteria

The identification of the selection criteria for building materials was carried out
through a literature review. This search was carried out over the past twenty years
(2000–2020), utilizing information from diverse specialized sources (e.g., scientific and
technical journals, books, technical guides, and standards) published in English. To ensure
a comprehensive search, a diverse range of keyword combinations was utilized across
five searches using five databases (Compendex, Inspec, GEOBASE, GeoRef, and Knovel) via
the Engineering Village platform. Search 1 used the following keywords: wood buildings,
building materials, structures, envelopes, the United States, and Canada. Search 2 explored
the following keywords: wood buildings, materials, use, and choice. Search 3 delved into
construction, composites application, selection, and wood. Search 4 concentrated on the
following keywords: buildings, materials selection, envelopes, structures, and wood. Lastly,
Search 5 centered on buildings, materials selection, wood, and materials. These searches
comprehensively cover various aspects of selecting structural and envelope materials for
wood buildings. After reviewing the titles and abstracts, 54 articles were chosen meticu-
lously and thoroughly. Furthermore, these documents contributed additional references,
enriching the literature review and augmenting the process of identifying criteria.
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2.2. Pilot Survey

The pilot survey was administered through an online questionnaire that utilized a
5-point Likert scale (very important = 5, important = 4, neutral = 3, not very important = 2,
and not important = 1). The questionnaire was structured and designed with Google Forms®.
The pilot study consisted of three main parts. First, descriptive information was obtained
about the respondents to understand their responses according to their profiles. Secondly,
professionals gave priority orders. Lastly, the results were examined. The respondents
were chosen based on their professional experience in prefabricated wood construction in
Canada or the United States, following the subsequent conditions: (i) professionals actively
engaged in materials decision-making, such as architects, engineers, and project managers,
(ii) specialists in prefabricated wood construction, covering both 2D systems (such as
prefab wood systems) and 3D buildings (volumetric), and (iii) experts with a minimum of
five years professional experience in these specific domains [28]. They were identified by
reviewing their professional profiles, such as LinkedIn, resumes, and professional websites,
across different regions in both countries to ensure a comprehensive industry perspective.
After analyzing the profiles, a pilot survey was sent to 42 professionals, and 25 responses
were received, resulting in a response rate of 59%. This response rate exceeds the minimum
requirement of 50% for survey confirmation, as recommended by Biresselioglu et al. [29].

The survey was administered using links individually distributed via email. The email
contained a cover letter that explained the purpose of the study, provided information
about the researcher, and assured participants of confidentiality and anonymity. Anonymity
prevents bias, reduces the influence of dominant individuals, mitigates socio-psychological
pressure, and alleviates the fear of expressing opinions publicly [30]. The pilot survey
consisted of two parts. The first part collected basic background information from the
respondents, such as their education level, role held, work areas, and years of experience,
to understand their answers better. The second part collected responses to prioritize criteria
from the literature review using a Likert scale.

Furthermore, respondents were allowed to provide additional criteria and comments
in the final section of the survey. Two separate reminder emails were sent in the two weeks
following the initial email to increase participation rates. The pilot survey was conducted
between 20 July and 31 August 2021.

The results were analyzed by grouping them in three different ways: Canada only, the
United States only, and Canada and the United States together, to identify any differences in
opinions. Two analyses were utilized to examine the results: consensus and severity index
(SI), which complement each other. Consensus is strong when at least 75% of professionals
rate a criterion as 4 or 5 on the Likert scale, moderate when 60% to 74% agree, and weak
when less than 60% reach consensus. Lack of consensus (lower than 60%) indicates lower
importance in the selection process. This rating is commonly used in studies to measure
consensus and criterion acceptability and is adopted in this research [31–33]. Literature
suggests using nonparametric procedures for data classification, as parametric statistics
like mean and standard deviation may not yield meaningful results. Then, after verifying
consensus, the SI was used to classify the criteria [34–36]. The following formula was used
to determine the SI [35]:

Severity index =


∑
α

i
= ωi

fi
n

α

 (1)

where i = the point value given to each criterion by the respondent, ranging from 1 to 5;
ωi = the weight of each point; fi = the frequency of point value i among all respondents;
n = the total number of responses (n = 25 in this study); and α = the highest weight
(α = 5 in this study). Furthermore, the notation indicated by [34] was used for the SI
values calculated to categorize the criteria into five priority levels: High (H) (0.8 ≤ SI ≤ 1),
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High–Medium (H–M) (0.6 ≤ SI < 0.8), Medium (M) (0.4 ≤ SI < 0.6), Medium–Low (M–L)
(0.2 ≤ SI < 0.4), and Low (L) (0 ≤ SI < 0.2).

Monte Carlo Simulation

According to Mundfrom et al. [37], Monte Carlo simulations for original studies typi-
cally start with 1000 interactions. However, for replicated studies and statistical calculations,
it is generally suggested to use at least 10,000 interactions to improve the reliability and
accuracy of the results. Furthermore, Heijungs et al. [38] recommend using 1000, 10,000,
or 100,000 interactions depending on the situation, assuming perfect knowledge of input
distributions for accurately estimating output distributions. Thus, in this study, probability
distributions were computed through Monte Carlo simulations using varying numbers of
interactions, including 1000, 10,000 and 100,000. The simulations were based on survey
responses obtained, and the data was grouped in three ways: Canada only, the United
States only, and Canada and the United States combined. This approach detected potential
differences in opinions across the two countries. All simulations were conducted using the
R programming language, with software R studio version 2023.03.0+386.

3. Results
3.1. Main Criteria and Sub-Criteria Identified for Choosing Building Materials

The literature review identified seven main criteria: performance properties, green
materials, energy efficiency, circular economy, site conditions and material logistics, stan-
dards, and social impact. These criteria and their respective sub-criteria are listed in Table 1
and are described in the following sections.

Table 1. Criteria and sub-criteria for the choice of building materials.

Criteria Sub-Criteria References

Performance properties

Mechanical performance

[39–77]

Durability
Fire resistance

Thermal performance
Watertightness

Water permeability
Acoustic performance

Maintenance

Green materials

Low toxicity

[78–91]
Low VOC assembly

Recycled
Low environmental impact

Energy efficiency Low embodied energy
[92–103]Energy certified

Circular economy Cumulative cost
[78,104–111]Cost of dismantling and removal

Site conditions and material logistics
Ease to use/apply

[20,49,88,112,113]Location, shape and height of the building
Local availability

Standards
Documentation and technical standards

[20,88,114–122]Product with EPD

Social impact Aesthetic [20,88,114–119,121,122]

3.1.1. Performance Properties

The performance property sub-criteria are essential in selecting suitable building
materials as they define the minimum values a material must meet to function effectively.
Mechanical properties, such as strength, hardness, elasticity, plasticity, ductility, brittle-
ness, and toughness, are often emphasized in previous studies when choosing building
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materials [39,48,60,123]. For instance, Innella et al. [60] conducted a study that evalu-
ated the mechanical performance of prefabricated buildings during transport. The results
revealed that plywood panels and their steel joints were sensitive to vibrations during
transport, with shear stresses exceeding the material’s strength in 95.4% of the cases. Using
lower-performance plywood in the building envelope may impact the building’s overall
performance. Durability is another crucial property, as natural weathering factors such as
UV light, moisture, temperature changes, fungi, and termites can reduce building materials’
mechanical and physical performance [124,125]. In envelope facades, plastics, particu-
larly polymers, are commonly used as coverings, and studies have been conducted to
enhance their durability [53,59,71]. For example, using commercial pigments, Butylina
et al. [121] improved the durability of wood-polypropylene composites. Weathering tests
for 3–12 months showed pigmented composites had less discoloration, lower water ab-
sorption, and higher Charpy impact strength. Fire resistance and fire safety are always a
concern for wood buildings. As a result, increasing attention has been paid to innovative
flame-retardant processing technologies [45,56,76,126]. Timber products and wood-based
materials are typically treated with fire retardants through surface coatings and impreg-
nation, among other methods, to enhance safety [57,66,127]. In addition, new structural
technologies like mass timber components have been suggested as another route to improve
fire resistance [43]. Thermal efficiency is also an important criterion, and the thermal per-
formance of insulation materials and other building envelope and structural components
has been investigated. Using materials with good thermal performance can reduce peak
indoor temperatures and improve occupants’ thermal comfort [44,54,68,74,77]. In addition,
building design, such as the distance between layers of walls and the type of material and
joints used for exterior cladding, can also affect a building’s thermal performance [68].

Watertightness (i.e., materials that water cannot enter or escape) and water permeabil-
ity (i.e., capacity to allow water through a material) are essential for building performance,
as materials produced from bio-based sources are typically less resistant to water vapor
permeation and more vulnerable to mold growth [42,49,52,55,67,72,75]. Maintaining rel-
ative humidity below 70% is recommended for wood construction to prevent mold and
rot. Cross-laminated timber (CLT) panels have been found to help maintain recommended
relative humidity levels in wood construction [41].

Acoustic comfort is essential for human well-being in buildings, and various ma-
terials, including bio-based and synthetic materials, have been developed to control
noise [40,46,69]. For example, Faustino et al. [51] used corn cob particle boards to reduce
building noise. This material is comparable to traditional construction materials such as
glass wool and expanded polystyrene in terms of its noise reduction properties. In addition,
D’Alessandro et al. [50] reported that green walls can absorb up to 80% of incident acoustic
energy for frequencies above 1000 Hz, providing another approach for enhancing acoustic
comfort in buildings.

3.1.2. Green Materials

The use of green materials in construction refers to materials made from renewable
sources that have fewer adverse environmental effects. These materials typically have low
toxicity, low levels of volatile organic compounds (VOCs), are made from recycled materials,
and have a low environmental impact. High levels of VOCs in building materials can
pose health risks to occupants and construction workers, making using low VOC materials
crucial in sustainable construction. This practice is also recognized and rewarded with
additional points when applying for environmental certifications [80,81,86,89,91,128–130].
Green materials are generally made from natural or recycled materials, requiring minimal
energy and non-renewable resources, resulting in reduced environmental impact compared
to conventional materials [79]. These materials have gained renewed interest in the past
fifteen years, particularly in Europe and North America, as they effectively reduce the
depletion of non-renewable resources and minimize the environmental impact of disposal
processes at the end of a product’s life [87,131]. The production and use of recycled



Buildings 2024, 14, 63 6 of 21

materials in construction are becoming increasingly popular as they prevent environmental
pollution by managing bio-based waste from forestry and agriculture. They also avoid the
environmental impacts of waste-to-energy conversion or landfill disposal [83]. The strategy
of utilizing products from planted forests is also noteworthy. Despite their small proportion
of global forests, these cultivated woodlands contribute significantly, supplying 35–40%
of the global roundwood harvest [132,133]. Forecasts predict their potential expansion to
reach 80% of the worldwide wood harvest by 2030. This growth promises larger, sustainable
harvests, potentially reshaping the timber industry [134,135]. Moreover, recent studies
suggest that using local and recycled building materials can reduce CO2 emissions, promote
the construction of more eco-efficient buildings, and strengthen the local economy [88,90].

3.1.3. Energy Efficiency

The criteria for energy efficiency in buildings often consider materials with low em-
bodied energy and those that have received low-energy certifications [92–94]. Embodied
energy is used during the production, assembly, demolition, and disposal of building
materials [95]. Therefore, choosing materials with low energy demand can result in en-
ergy savings in building operations [96–98]. One approach to achieving this is by using
materials that have energy labels and certifications, such as Energy Star® (issued by the
US Environmental Protection Agency), EnerGuide (issued by Natural Resources Canada),
and Building EQ (published by ASHRAE), among others, which provide information to
building operators and comply with quality management systems [99–101]. Furthermore,
adopting energy certifications significantly affects energy policies that reduce building
energy consumption. Energy certifications have been successfully implemented in devel-
oped countries, demonstrating their effectiveness as a tool for governments to promote
energy-efficient buildings. To better understand the economic value of energy efficiency
labels, [102] developed a pricing model for Metro Atlanta (US) and reported that buildings
with energy certification are sold at an 11.7% premium in terms of price. The New Buildings
Institute (NBI) conducted a study in 2008 and concluded that Leadership in Energy and
Environmental Design (LEED) certification results in energy savings of 25 to 30% [136].
Another study by Newsham et al. [103] analyzed data from the NBI and similarly found
that LEED-certified buildings consume 18 to 39% less energy compared to comparable
non-certified buildings.

3.1.4. Circular Economy

The criteria referred to as the circular economy relates to the economical use of re-
sources and materials, such as the cumulative cost during its useful life and the cost for
disassembly or reuse. Considering its life cycle, it must also achieve its performance over
time [104,105]. Buildings are generally designed to be permanent structures, expected
to last 50–75 years. However, due to changing user needs, their lifespan often becomes
shorter, around 20 years. When materials hinder replacements or disassembly, it results in
higher energy and production consumption, increased waste production, and restricted
adaptability [108]. Zhou et al. [107] emphasized that circular economy should be a primary
consideration in material selection, encompassing procurement, processing, transportation,
recycling, and disposal costs. In addition, research has been conducted on implementing
prefabricated strategies to enhance the assembly and disassembly of structures based on
lifecycle demands [109]. Thus, buildings should be designed as material banks for future
construction to enable the reuse of building materials and facilitate the deconstruction of
their components and parts. This approach promotes a closed-loop system, ensuring that
members and materials can be effectively repurposed, thereby contributing to sustainable
resource utilization in the construction industry [110,111]. Understanding the potential
applications of a material is crucial in selecting the most suitable material for a specific
purpose, as highlighted in previous studies [106].
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3.1.5. Site Conditions and Material Logistics

The criteria for site conditions and logistics regarding the characteristics of the area and
its surroundings, include the climate, material delivery logistics, and the type of buildings
based on the chosen building materials. These criteria play a crucial role in determining the
materials to be used in construction, considering factors such as ease of material use, loca-
tion, shape, and height of the building, as well as material availability [20,49,112]. A study
by Ogunkah et al. [88] surveyed professionals from various disciplines and geographic
contexts to assess the likelihood of impacts from other factors that may influence strategic
decision-making in material selection. The results revealed that 64% of the sample popula-
tion considered general or site-specific variables. Moreover, the choice of materials for a
specific location is influenced by material availability, climate, economy, and construction
technique. However, the availability of materials should be considered at the construction
stage and when replacements are required [112].

3.1.6. Documentation and Standardization

The documentation and standardization criteria are based on materials that have
established codes. Documents play a crucial role in improving material selection and
avoiding materials with inadequate performance. Adhering to materials that align with
papers and standards helps professionals analyze the impact of materials on building
costs and prevents the selection of materials with subpar performance [137,138]. The
sub-criteria in this criterion encompass the availability of material selection guidelines,
updated material information, and other relevant documentation. Standards for evaluating
and classifying materials are of particular interest [20,129,139,140]. This information also
aids professionals in analyzing the materials that can affect maintenance costs during the
early design phase and helps avoid using faulty materials. These records provide factual
information about the materials used in building construction, thereby ensuring accuracy
and reliability.

3.1.7. Social Impact

The social impact criteria refer to the benefit that society derives from using certain ma-
terials in buildings and includes criteria such as aesthetics, health, and comfort of building
occupants, among others [20,114,115]. Social impact means a healthy and safe environment
for all stakeholders in the building industry, such as construction workers, building users,
and operators. It must be considered during the sustainable design process [116,117].
However, social impact is much more complex than the other quantification criteria and
has not received much attention in the architectural literature. Social and sensory factors or
variables account for 24% of a material use survey conducted by Ogunkah et al. [88]. The
aesthetic of the building is an additional value to be considered to preserve the architectural
style of the built environment in the area or promote the image of a company. A company
often encourages the construction of its buildings with a corporate image that identifies
it and gives it more prestige and, in doing so, emphasizes the aesthetic requirement as
a sustainable aspect [118]. In addition, according to a study by [88], 96% of respondents
identified environmental and health factors or variables as the most desirable content infor-
mation to enable efficient and sustainable decisions when choosing appropriate materials.
More sustainable buildings benefit the environment and occupants. They can produce
substantial economic benefits by reducing operating expenses and, in contrast, improving
the market value of buildings, occupant productivity, and the ability to generate income
from businesses renting space, and optimizing the economic performance throughout the
construction life cycle [119–121].

3.2. Pilot Survey Responses

This section presents the results of the pilot survey’s two parts. In the first part, the
main objective was to identify the sample’s characteristics, including basic information
about respondents’ backgrounds such as education, role held, region of work, work areas
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and experience, and knowledge about the topic. The second part aimed to understand the
respondents’ prioritization of the various criteria, verify the consensus, and classify the
criteria based on their severity index.

3.2.1. Sample Characteristics

The pilot survey results were grouped in three different ways for analysis (Canada only,
the United States only, and Canada and the United States together) to ascertain differences
in opinion. Thirteen of the twenty-five respondents were from Canada, and twelve were
from the United States. Figure 1 shows that 77% (10/13) of the Canadian respondents have
a bachelor’s degree, 15% (2/13) have a technical education, and 8% (1/13) have a Ph.D.
(see the light gray bar). As for the United States, 75% (9/12) hold a bachelor’s degree, while
25% (3/12) have a master’s degree (see the dark gray bar). The results for both Canada and
the United States together show that 76% (19/25) of respondents have a bachelor’s degree,
12% (3/25) have a master’s degree, 8% (2/25) have a technical education, and 4% (1/25)
have a Ph.D. (see the black bar).
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Figure 2 presents pilot survey respondent information, including years of experience (a),
the size of the company they work for (b), their role in the company or the decision-making
process (c), the types of construction projects in which the company is involved (d), and
the company’s expertise (e). Pilot survey respondents were experienced prefabricated
construction professionals from different organizations/institutions in Canada and the
United States, including architectural and engineering firms, consulting firms, general
contractors, and construction management firms. This study categorized coordinators,
presidents, and project managers as “managers” due to their similar job characteristics.

The results show that in Canada, about 77% (10/13) of the professionals had more
than ten years of experience, and 23% (3/13) had between 5 and 10 years of experience
(light gray bar). In the United States, 100% (12/12) of the professionals had more than
ten years of experience (dark gray bar). When both countries are analyzed together (black
bar), the professionals with more than ten years of experience represent 88% (22/25) of
respondents (Figure 2a). Figure 2b shows the size of the company respondents work
for. More than 50% (7/13) of Canadian respondents and 67% (8/12) of US respondents
were from companies with fewer than 99 employees. As for respondents’ roles in the
company or the decision-making process, Figure 2c shows that in Canada, about 54%
(7/13) of respondents were managers, and 38% (5/13) were architects. In contrast, in the
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United States, 58% (7/12) were managers, 33% (4/12) were architects, and 8% (1/12) were
engineers. When both Canada and the United States are analyzed together, 56% (14/25) of
the sample is composed of managers, followed by 36% (9/25) of architects and 8% (2/25)
of engineers who are the primary individuals responsible for choosing the products to be
used in a construction project.
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Figure 2. Respondents’ backgrounds: (a) years of experience; (b) company size; (c) role in the
company/decision-making process; (d) company’s types of projects; and (e) company’s expertise.

As shown in Figure 2d, about 54% (7/13) of Canadian respondents were involved in
residential projects, followed by 38% (5/13) in multi-unit projects and 8% (1/13) in public
projects (see the light gray bar). In the United States, 42% (5/12) of respondents were
involved in residential projects and 58% (7/12) in multi-unit projects. When analyzing
Canada and the United States together, 48% (12/25) of respondents were involved in
residential projects, 48% (12/25) in multi-unit projects, and 4% (1/25) in public projects.
Regarding the company’s expertise (Figure 2e), the results show that most of the Canadian
respondents, i.e., 31% (4/13), were involved in companies that work with prefabricated
modules, followed by 15% (2/13) that work with prefabricated walls. Furthermore, about
23% (3/13) of the Canadian respondents were involved in companies that work on both
prefabricated walls and modules, 23% (3/13) are prefabricated wood construction consul-
tants, and 8% (1/13) are specialized in mass timber products. Most of the US respondents



Buildings 2024, 14, 63 10 of 21

were involved in companies that work with prefabricated modules, i.e., 42% (5/12), and
prefabricated walls, i.e., 42% (5/12) (see the dark gray bar). When both Canada and the
United States are analyzed together, prefabricated modules and walls, as well as both
combined (wall and modules), represent the majority of the employer companies’ expertise,
i.e., 36% (9/25), 28% (7/25) and 20% (5/25), respectively. Therefore, since respondents’
experience in prefabricated wooden buildings and their strategic positioning in the building
material decision-making process is quite respectable, their opinions and points of view
obtained through the pilot survey can be considered meaningful and reliable.

3.2.2. Criteria and Sub-Criteria Classification

Table 2 presents the SI analysis classification results for Canada, the United States,
and Canada and the United States. They show each sub-criterion’s consensus, severity
index (SI), priority level, and final priority, as proposed by [34]. The results of the analysis
of Canadian respondents showed that fourteen sub-criteria obtained strong consensus
since they were rated 4 or 5 on the Likert scale by at least 75% of the professionals, four
sub-criteria received moderate consensus, i.e., 60% to 74% of respondents rated them 4 or
5. Seven sub-criteria obtained weak agreement since less than 60% of participants rated
them 4 or 5. Thus, the professionals accepted only eighteen of the twenty-five sub-criteria
selected from the literature. Subsequently, the SI-based classification results for Canada
are also listed in Table 2. From these results, it can be seen that fourteen sub-criteria
were classified as H (i.e., of high priority) in structural and envelope material decision-
making for wooden buildings, with SI values between 0.9692 and 0.8153. Among those
fourteen sub-criteria, the ones classified first and second highest are related to performance
properties: watertightness was ranked first in priority, with an SI of 0.9692, followed by fire
performance, with an SI of 0.9538.

On the other hand, the sub-criteria that classified third and fourth in terms of priority
were the health of occupants and comfort and well-being, which fall under social impact
criteria. The top ten classified criteria were watertightness, fire resistance, the health of
occupants, comfort and well-being, local availability, ease of use/application, durability,
proper standards, mechanical performance and location, shape, and height of the building.
It was noted that five of those ten criteria pertain to the criteria performance properties and
social impact. On the other hand, the results showed that the sub-criteria related to green
materials, energy efficiency, and circular economy were among the least important at the
time of selection.

The pilot survey results for the United States show that twelve criteria obtained
strong consensus, five obtained moderate consensus, and eight obtained weak consensus.
Therefore, the professionals accepted seventeen of the twenty-five criteria selected from
the literature. On the other hand, the SI-based classification showed that only ten criteria
were considered of high priority (H) in structural and envelope material decision-making
for wooden buildings, with SI values between 0.9500 and 0.8166. Three of those ten crite-
ria are in the site conditions and material logistics criteria, the first being location, shape,
and height of the building with the highest severity index value (SI = 0.9500), followed
by ease of material use and/or application, which was classified as fourth (SI = 0.9167),
and availability of material which ranked seventh (SI = 0.8534). Moreover, the results
showed that the social impact is of great importance when choosing materials in the
United States, being two of its four criteria classified in the top five overall—comfort
and well-being of building occupants ranked third and health of building occupants was
classified as fifth.
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Table 2. Classification of building material selection criteria for Canada, the United States, and Canada and the United States.

Criteria Sub-Criteria
Canada United States Canada and the United States

Consensus SI Priority
Level

Final
Priority Consensus SI Priority

Level
Final

Priority Consensus SI Priority
Level

Final
Priority

Performance properties

Mechanical performance Strong 0.8463 H 9 Moderate 0.8166 H 10 Moderate 0.8160 H 11
Durability Strong 0.8769 H 7 Strong 0.9000 H 6 Strong 0.8883 H 5

Fire resistance Strong 0.9538 H 2 Moderate 0.8164 H 11 Strong 0.8881 H 6
Thermal performance Strong 0.8154 H 13 Strong 0.8000 H-M 12 Strong 0.7920 H-M 13

Watertightness Strong 0.9692 H 1 Strong 0.9333 H 2 Strong 0.9200 H 1
Water permeability Weak 0.6923 H-M 22 Moderate 0.7500 H-M 16 Weak 0.7281 H-M 18

Acoustic performance Weak 0.7231 H-M 21 Moderate 0.7333 H-M 17 Moderate 0.7280 H-M 19
Maintenance Strong 0.8000 H-M 15 Strong 0.7538 H-M 15 Strong 0.7680 H-M 14

Green materials

Low toxicity Moderate 0.8153 H 14 Weak 0.6667 H-M 19 Weak 0.7440 H-M 16
Low VOC assembly Weak 0.7385 H-M 18 Weak 0.6668 H-M 20 Weak 0.7040 H-M 21

Recycled Weak 0.6921 H-M 23 Weak 0.6167 H-M 24 Weak 0.6560 H-M 24
Low

environmental impact Moderate 0.7846 H-M 16 Weak 0.7000 H-M 18 Weak 0.7440 H-M 17

Energy efficiency Low embodied energy Weak 0.7383 H-M 19 Weak 0.6500 H-M 21 Weak 0.6960 H-M 22
Energy certified Moderate 0.7538 H-M 17 Weak 0.6333 H-M 23 Weak 0.7167 H-M 20

Circular economy Cumulative cost Moderate 0.7385 H-M 20 Moderate 0.7833 H-M 13 Weak 0.7600 H-M 15
Cost of disassembly Weak 0.5846 M 25 Weak 0.5500 M 25 Weak 0.5680 M 25

Site conditions
and logistics

Ease to use/apply Strong 0.8920 H 6 Strong 0.9167 H 4 Strong 0.9167 H 2
Location, shape

and height Strong 0.8462 H 10 Strong 0.9500 H 1 Strong 0.8960 H 4

Local availability Strong 0.8921 H 5 Strong 0.8834 H 7 Strong 0.8880 H 7

Documentation
Proper Standards Strong 0.8615 H 8 Strong 0.7667 H-M 14 Strong 0.8161 H 12
Product with EPD Weak 0.6769 H-M 24 Weak 0.6500 H-M 22 Weak 0.6640 H-M 23

Social impact

Aesthetic Strong 0.8461 H 11 Strong 0.8667 H 9 Strong 0.8560 H 10
Health of occupants Strong 0.8923 H 3 Strong 0.9167 H 5 Strong 0.9040 H 3

Comfort and well-being Strong 0.8460 H 12 Strong 0.9333 H 3 Strong 0.8878 H 8
Safety and security Strong 0.8922 H 4 Strong 0.8833 H 8 Strong 0.8600 H 9
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Moreover, as was the case for respondents in Canada, respondents in the United States
also considered the watertightness (second) and durability (sixth) sub-criteria essential
for prefabricated wooden construction. In addition, using materials that are easy to apply
(ease of material use and/or application criteria) was among the highest classified (fourth),
with a severity index of 0.9167. In the Canadian classification for the top ten sub-criteria,
there was dispersion observed for the criteria of site performance properties (4/8 in the
top ten), conditions and logistics (3/3 in the top ten), documentation (1/2 in the top ten),
and social impact (2/4 in the top ten) when selecting structural or envelope materials for
prefabricated wooden construction. In contrast, in the United States, the top ten sub-criteria
were primarily focused on social impact (4/4 in the top ten) and site conditions and logistics
(3/3 in the top ten), as seen in Table 2.

Upon seeing this difference in response patterns, we analyzed respondents from both
countries and their responses as a single sample group (see Table 2), as was mentioned
earlier. It is essential to highlight that these findings do not claim to be statistically rep-
resentative. They provide insight into the relative importance of the proposed criteria
according to the respondents’ experience and their national context. The analysis results of
Canada’s and the United States’ respondents show that thirteen criteria obtained strong
consensus (i.e., were rated 4 or 5 by at least 75% of the professionals). At the same time, only
two achieved moderate consensus, i.e., were rated 4 or 5 by 60% to 74% of respondents, and
ten had weak agreement since less than 60% of participants rated them 4 or 5. When both
countries were analyzed together, only twelve sub-criteria reached the minimum threshold
to be considered relevant and classified as H priority by the professionals’ opinions, with
SI values between 0.9200 and 0.8160. Watertightness was ranked as the most critical sub-
criteria to consider when choosing materials. The improved water-tightness of materials is
believed to enhance the durability of buildings, as excessive moisture content, particularly
fluctuations in the moisture levels of wood materials, can result in repetitive shrinkage and
swelling mechanisms. These mechanisms can weaken the material’s mechanical strength
over time [141,142]. The second most important was the sub-criterion ease of material
use and/or application, with an SI value of 0.9167. Furthermore, when both countries are
considered together, four of the top ten criteria are in social impact, the health of occupants
(third), comfort and well-being (eighth), safety and security (ninth), and aesthetics (tenth).

3.3. Monte Carlo Simulations

Table 3 presents the SI values and the final priorities calculated based on the Monte
Carlo simulations (1000, 10,000, and 100,000) for Canada, the United States, and Canada
and the United States, respectively. The prediction of the SI for different simulations in
Canada and the United States yielded consistent results. In Canada, the top five crucial
sub-criteria remained the same across the simulations: fire resistance, watertightness, local
availability, the health of occupants, and safety and security. Only the places varied. These
predictions align with the results obtained from the pilot survey, further validating their
accuracy. It is worth noting that the top two sub-criteria consistently maintained their
coherence throughout all simulations.

Similarly, for the United States, the prioritization of the top five sub-criteria for material
selection was observed across the simulations. The most critical sub-criteria were location,
shape and height, comfort and well-being, ease to use/apply, health of occupants, and
durability. These predictions agree with the pilot survey results, where the top two sub-
criteria remained consistent across all simulations. Furthermore, the sub-criterion location,
shape, and height was identified as the most important, followed by comfort and well-
being. For the simulations regarding Canada and the United States, the predictions showed
that the five most relevant sub-criteria for selection were in line with the trends assessed in
the surveys.
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Table 3. Monte Carlo simulations to predict the classification of building material selection criteria.

Criteria Sub-Criteria

Canada United States Canada and the United States

1000 Simulations 10,000
Simulations

100,000
Simulations

1000
Simulations

10,000
Simulations

100,000
simulations

1000
Simulations

10,000
Simulations

100,000
Simulations

SI Final
Priority SI Final

Priority SI Final
Priority SI Final

Priority SI Final
Priority SI Final

Priority SI Final
Priority SI Final

Priority SI Final
Priority

Performance
properties

Mechanical performance 0.8394 12 0.8463 10 0.84577 10 0.8256 10 0.8165 10 0.8159 11 0.8354 11 0.8311 11 0.8324 11
Durability 0.8778 7 0.8776 7 0.87687 7 0.9000 5 0.8985 5 0.8996 5 0.8824 8 0.8862 9 0.8867 9

Fire resistance 0.9590 1 0.9536 1 0.95327 1 0.8158 11 0.8161 11 0.8179 10 0.8848 6 0.8872 8 0.8880 6
Thermal performance 0.7926 14 0.7822 14 0.78404 15 0.8024 12 0.7987 12 0.8001 12 0.7868 13 0.7906 13 0.7925 13

Watertightness 0.9100 2 0.9041 2 0.90838 2 0.8672 8 0.8665 8 0.8665 9 0.8912 4 0.8885 4 0.8881 5
Water permeability 0.6942 22 0.7048 22 0.70659 22 0.7408 16 0.7475 16 0.7512 16 0.7238 19 0.7256 19 0.7285 18

Acoustic performance 0.7212 21 0.7246 21 0.72339 21 0.7338 17 0.7325 17 0.7332 17 0.7244 18 0.7272 18 0.7281 19
Maintenance 0.7642 16 0.7556 16 0.75458 17 0.7814 13 0.7832 14 0.7831 13 0.7784 14 0.76572 14 0.6813 22

Green materials

Low toxicity 0.8160 13 0.8138 13 0.8157 13 0.6678 19 0.6685 19 0.6672 20 0.7370 17 0.7426 17 0.7445 15
Low VOC assembly 0.7306 20 0.7343 20 0.7387 19 0.6632 20 0.6649 20 0.6670 22 0.6956 21 0.7061 20 0.7039 21

Recycled 0.6854 23 0.6921 23 0.6931 23 0.6216 24 0.6176 24 0.6161 24 0.6536 24 0.6588 24 0.6563 24
Low

environmental impact 0.7896 15 0.7803 15 0.7846 14 0.7042 18 0.6999 18 0.7001 18 0.7510 16 0.7440 16 0.7443 17

Energy efficiency Low embodied energy 0.7360 19 0.7409 18 0.7395 18 0.6536 21 0.6514 21 0.6672 21 0.7010 20 0.6952 21 0.7445 16
Energy certified 0.7548 17 0.7535 17 0.7387 20 0.6270 23 0.6324 23 0.6839 19 0.6942 22 0.6935 22 0.7120 20

Circular economy Cumulative cost 0.7424 18 0.7385 19 0.7826 16 0.7758 14 0.7838 13 0.7802 14 0.7630 15 0.7617 15 0.7602 14
Cost of disassembly 0.5792 25 0.5839 25 0.5838 25 0.5556 25 0.5494 25 0.5678 25 0.5674 25 0.5712 25 0.5678 25

Site conditions
and logistics

Ease to use/apply 0.8884 6 0.8915 6 0.8920 6 0.9228 3 0.9173 3 0.9161 4 0.9008 2 0.9047 1 0.9040 1
Location, shape

and height 0.8478 9 0.8459 11 0.8458 9 0.9528 1 0.9493 1 0.9503 1 0.8970 3 0.8968 3 0.8964 3

Local availability 0.8914 5 0.8931 3 0.8927 4 0.8868 6 0.8836 7 0.8826 7 0.8848 7 0.8873 7 0.8879 8

Documentation
Proper Standards 0.8614 8 0.8628 8 0.8612 8 0.7686 15 0.7673 15 0.7666 15 0.8134 12 0.8161 12 0.8156 12
Product with EPD 0.6810 24 0.6744 24 0.6771 24 0.6480 22 0.6502 22 0.6503 23 0.6590 23 0.6646 23 0.6642 23

Social impact

Aesthetic 0.8444 11 0.8473 9 0.8457 11 0.8662 9 0.8660 9 0.8673 8 0.8582 10 0.8561 10 0.8560 10
Health of occupants 0.8924 4 0.8919 5 0.8921 5 0.9224 4 0.9170 4 0.9163 3 0.9022 1 0.9035 2 0.9039 2

Comfort and well-being 0.8474 10 0.8459 12 0.8457 12 0.9310 2 0.9331 2 0.9331 2 0.8872 5 0.8883 5 0.8882 4
Safety and security 0.8986 3 0.8924 4 0.8931 3 0.8852 7 0.8841 6 0.8832 6 0.8766 9 0.8880 6 0.8878 9
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Furthermore, the predictions demonstrated that the sub-criteria of ease to use/apply,
occupants’ health, and location, shape, and height were among the most critical factors in
choosing products for envelopes and structures. In general, the three separate analyses
conducted for Canada, the United States, and Canada and the United States combined pro-
duced consistent predictions that aligned with the respective pilot survey results. Through
these findings, it is possible to have a sub-criteria indicators for selecting, or an indicator
for future product development in each region in the combined analysis.

4. Discussion and Limitations

The sub-criteria such as watertightness and durability are closely related in the
decision-making process of wooden buildings since using a building component that
could be more watertight will consequently lead to decreased durability. The exact parallel
can be found when crossing the properties of the products used in wood building structures
and envelopes with the safety and security of building occupants, i.e., the use of products
with poor mechanical, physical, and durability performance might negatively impact occu-
pants’ experience and health [143]. As stated in ASHRAE Standard 160 [144], the building
envelope and structures are generally not utterly watertight independent of the water
management system applied. A small amount of rainwater might, therefore, penetrate
behind the cladding. Thus, as reported by the respondents, the use of materials that make
it possible to eliminate the possibility of water infiltration or reduce it to a minimum in
wooden construction is of great importance in decision-making.

Moreover, in the case of severe weather conditions, which are common in Canada
and the United States, a lack of watertightness increases the risk of water ingress, which
can lead to premature deterioration of the structural system and the envelope itself and is
generally perceived as discomfort as some studies point out [145,146]. Regarding occupant
health, indoor air quality is critical to occupant well-being. McArthur and Powell [147] and
Wolkoff [148] indicate the effects of poor indoor air quality on occupants, including eye
irritation, olfactory issues, and overall health. Therefore, selecting materials that promote
good indoor air quality is essential to provide occupant comfort and well-being.

High importance was accorded to fire performance sub-criteria, and this result can be
explained because of evacuation-related risks during fire situations [149]. A building fire
can result in human casualties and facilitate the spread of fire through damaged walls or to
neighboring compartments or buildings [150].

The high importance of the comfort and well-being sub-criterion in material selection
can be attributed to its direct impact on human perception of immediate and long-term
quality and its influence on psychological restoration. For example, Elsadek et al. [151]
discuss how materials (green facades) might promote comfort and well-being and con-
tribute to recovering physical and mental resources, enabling individuals to cope with and
manage daily living situations effectively. This suggests that materials can positively impact
individuals’ ability to manage and adapt to their environment. Chi et al. [152] emphasize
the significance of visual comfort, highlighting how daylight availability creates a visually
pleasing environment that positively impacts human well-being. Then, incorporating mate-
rials that can maximize natural light and create a visually appealing space might be a route
to contribute to the occupant’s comfort and satisfaction. In addition to visual and thermal
comfort, acoustic comfort plays a crucial role. Herranz-Pascual et al. [153] emphasize the
impact of materials on acoustic conditions within a space, highlighting the importance of
sound insulation and noise reduction for creating a comfortable environment.

Gou et al. [154] focus on thermal comfort, pointing out that good thermal properties
can significantly enhance occupants’ comfort levels. Harkouss et al. [155] examine the
perception of overheating and highlight the importance of providing an environment that
helps regulate indoor temperature effectively.

On the other hand, the results show that sub-criteria related to sustainable develop-
ment, such as those in the energy efficiency and green material criteria and the product
with EPD and cost of dismantling and removal sub-criteria, are less critical in the decision-
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making process. However, some respondents claimed that such criteria might have a higher
classification depending on the type of project, especially when it comes to projects aiming
for LEED or other sustainability certifications. Furthermore, some respondents argued that
it is important to choose local products, which can minimize logistics costs and strengthen
the local economy. Moreover, as pointed out in reference [113], the use of local material
is a criterion that is often considered to be synonymous with job creation due to growing
awareness of its ramifications.

A study conducted by Si et al. [156] evaluated 39 criteria for buildings in the United
Kingdom and China, and the engineers and architects consulted in both countries classified
durability as the most crucial criterion for non-domestic buildings. In addition, it was
found when analyzing both countries together that respondents gave less priority to
the criteria related to sustainable development, e.g., those in the energy efficacy and
green material criteria and the product with EPD and cost of dismantling and removal
criteria. It is seen that the sub-criteria for site conditions and logistics criteria were among
the top-ranked. These criteria were crucial during the building’s implementation phase,
significantly impacted construction operations, and directly affected project quality. It
is also critical for cost estimations, often accounting for up to 70% of total construction
costs [157].

Furthermore, the criterion use of local materials was indicated in the final tab of the
pilot survey by six professionals from Canada and three from the United States as an
essential factor in the decision-making. Selecting local materials as much as possible—not
only for sustainability but also for local economic benefit. Regarding the criterion of
ease of use of materials, one of the respondents said that the leading time to acquire the
components, the erection time, and the complexity demanded by certain materials must
be considered. Moreover, it is argued that the skill level required from the labor and the
machinery required to transport or erect need to be pondered in the decision.

This study offers valuable insights into material selection for prefabricated wood build-
ings. However, as pointed out in [28], limitations exist regarding the findings’ applicability
beyond Canada and the United States due to differing climates, regulations, and cultural
preferences. Additionally, ongoing changes in technology, regulations, and user preferences
could affect the relevance of identified criteria over time. Implementing decisions based
on these findings may also be influenced by budget constraints, material availability, and
specific project needs, impacting their direct applicability.

5. Conclusions

In conclusion, this study has identified and classified the priority orders of sub-criteria
crucial for material selection in prefabricated wood constructions. The insights drawn from
the opinions of professionals from Canada, the United States, and both countries have
provided comprehensive perspectives on the sub-criteria influencing decision-making in
this domain.

From the literature review, seven main criteria were found i.e., performance properties,
green materials, energy efficiency, material economy, site conditions and material logistics,
standards, and social impact. From the pilot survey, sub-criteria under performance
properties, site conditions, material logistics, and social impact emerged as focal indicators
across the analysis, consistently ranking among the top priorities.

Through Monte Carlo simulations, the study revealed a remarkable consistency in the
top-ranked sub-criteria for Canada and the United States, underscoring indicators such
as fire resistance, watertightness, local availability, occupant health, safety, and protection.
Furthermore, the simulations reinforced the significance of location, shape, height, comfort,
well-being, ease of use/application, and durability in material selection processes, aligning
with pilot study outcomes and demonstrating robustness within varying analyses.

This study offers valuable insights into material selection for prefabricated wood
buildings. Also, it provides interesting practical implications for future research as it
furnishes helpful indicators and guidelines to aid decision-making tools and models,
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specifically benefiting the selection of materials for prefabricated wood constructions in
Canada and the United States. These insights also serve as a foundational resource for
future product development in the construction of buildings, particularly those utilizing
prefabricated wood materials.

However, limitations exist regarding the findings’ applicability beyond Canada and the
United States due to differing climates, regulations, and cultural preferences. Additionally,
ongoing changes in technology, regulations, and user preferences could affect the relevance
of identified criteria over time. Implementing decisions based on these findings may also be
influenced by budget constraints, material availability, and specific project needs, impacting
their direct applicability.
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