J Sustain Const Mater Technol, Vol. 9, Issue. 2, pp. 144-158, June 2024

Journal of Sustainable Construction Materials and Technologies

JSCVT

Journal of Sustainable Construction
Materials and Technologies

Web page info: https://jscmt.yildiz.edu.tr
DOI: 10.47481/jscmt.1495140

Research Article

Determining the importance levels of criteria in selection of sustainable
building materials and obstacles in their use

Serkan YILDIZ®, Giilnaz Sengiil GUNES*

Department of Real Estate Development and Management, Ankara University, Ankara, Tiirkiye

ARTICLE INFO

Article history

Received: 12 March 2024
Revised: 05 May 2024
Accepted: 09 May 2024

Key words:

Building material, factor
analysis, relative importance,
sustainability

1. INTRODUCTION

ABSTRACT

The construction industry has become the focal point of sustainability as one of the largest con-
sumers of natural resources and waste producers. A sustainable construction industry is possible
with the sustainability of building materials, which is the main factor controlling the construc-
tion management process. In this research, the importance levels of a total of 17 criteria under
the headings of economic, environmental, and social sustainability in terms of sustainability of
building materials and the importance levels of 11 obstacles to the use of sustainable materials
were investigated through a survey conducted with the participation of 60 people. Whether
there were differences between the participants’ opinions was investigated through inferential
analysis. In ranking criteria according to their importance level, the health of workers and cit-
izens, safety in construction and operation, and toxic emissions took the first three places. The
risks of higher initial cost, total cost, and extra time are the biggest obstacles to using sustainable
materials. In addition, the obstacles were subjected to factor analysis, and a model consisting
of four factors was created. The study revealed the criteria for sustainable material selection
and the barriers to sustainable material use in a holistic manner. In this respect, it is evaluated
that it will be a guide for governments, local governments, building material manufacturers,
designers, contractors, and ultimately users to achieve a more sustainable construction sector.

Cite this article as: Yildiz, S., & Giines, G. §. (2024) Determining the importance levels of
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Mater Technol, 9(2), 144-158.

tural areas, global warming and acid rain, desertification,
and the destruction of the ozone layer [2, 3]. In addition

The world population, estimated to be around 600 mil-
lion in the 1700s [1], today exceeds 8 billion. This insane
population growth and the accompanying industrial rev-
olution have led to an uncontrolled development process
focused on unlimited production and consumption. This
process has put significant pressure on the environment. It
has created major environmental problems such as the rap-
id depletion of natural resources, pollution of air, water, and
soil, the spread of chemicals and heavy metals throughout
the environment, the destruction of forests and agricul-
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to these environmental problems, the rapidly increasing
population, which cannot be satisfied in the countryside,
has piled up in cities to work. This has led to unmanage-
able and unplanned urban growth [4]. Cities have become
potential centers for many social, environmental, and eco-
nomic problems, such as inequality, unemployment, pov-
erty, inadequate infrastructure and services, traffic chaos,
violence, crime, and disease [5, 6]. This economic develop-
ment model has been based on people’s desire to continu-
ously raise their living standards without limits, on a policy
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of unlimited production and overconsumption of natural
resources, and on destroying the basis of life of living be-
ings. The World Commission on Environment and Devel-
opment (WCED) report “Our Common Future,” published
in 1987, emphasized the need to change this model. The
report contended that sustainable development should en-
compass apparent consideration and definition of the so-
cial, economic, and ecological facets, defining it as fulfill-
ing present needs while safeguarding the capacity of future
generations to fulfill their own [7].

Buildings, particularly in urban areas, are significant
consumers of energy and natural resources, contributing to
air, water, and soil pollution through waste generation [8].
The statistics reveal that buildings account for 45% of global
energy consumption and 50% of water usage. Additionally,
they are responsible for 23% of urban air pollution, 50% of
greenhouse gas emissions, 40% of water pollution, and 40%
of solid waste generation [9]. These alarming figures have
prompted initiatives to enhance the sustainability of the
construction industry as a whole and individual buildings.
“sustainable design” and “sustainable architecture” have
emerged to systematically solve the environmental, social,
and economic problems associated with our built environ-
ment and buildings. Sustainable design is defined as the de-
sign of products, services, and the built environment by the
principles of social, economic, and environmental sustain-
ability, that is, in a way that serves both present and future
generations to achieve a healthy and quality life [10]. On the
other hand, sustainable architecture is designing sustainable
buildings to reduce the total environmental impact during
the entire life cycle, from the production of building mate-
rials to the construction, use, and demolition of the build-
ing [11]. The goal of sustainable architecture is to create
buildings that are sensitive to their environment, minimize
the destruction of nature, use all-natural resources such as
energy, materials, water, and land most economically and
efficiently [12] and expresses an approach that adapts to the
surrounding nature, climate, society, and culture [13].

The first and essential condition for producing sustain-
able architectural works is the selection of sustainable ma-
terials [14-16]. Research shows that by selecting construc-
tion materials compatible with sustainability principles, for
example, CO, emissions can be reduced by up to 30% [17].
Otherwise, efforts to build sustainable buildings will be in-
effective [14, 18, 19]. On the other hand, the material selec-
tion process is very challenging and complex since building
materials are the main factor affecting many criteria expect-
ed from a building, such as being safe, economical, durable,
aesthetic, and functional. With the addition of sustainabil-
ity in this process, sustainable material selection becomes
one of the most challenging tasks in a building project [20].
This situation necessitates a good understanding of the rela-
tionship between sustainability and building materials, and
this study was carried out to serve this purpose.

The study highlights the significance of environmental,
social, and economic factors impacting building material
sustainability alongside barriers to their adoption. It as-
sessed 17 criteria covering these sustainability aspects and

identified 11 obstacles to material use in Tiirkiye. Further-
more, factor analysis categorized these barriers into com-
mon groups. The data collected through the questionnaire
study were obtained from 60 people with different demo-
graphic characteristics, including engineers and architects,
real estate workers and contractors operating in the con-
struction sector, and faculty members working in related
faculties. In the research, inferential analyses were obtained
with T and Anova Tests, and the barriers in selecting sus-
tainable materials were tested by factor analysis. In the last
stage, all criteria’ Index of Relative Importance (IRI) was
determined. This research is vital in ranking the require-
ments for sustainable material selection in Tiirkiye, identi-
fying the barriers, and selecting the similarities or differenc-
es between the criteria choices of participants with different
demographic characteristics. Unlike previous studies that
only focused on criteria selection or barriers, a holistic ap-
proach was used by including the participants’ demograph-
ic characteristics. It also aims to fill the gap in the literature
by conducting research with participants in Tiirkiye.

Within the scope of the study’s design, the relationship
between sustainable architectural design and sustainable
materials is examined in section 2, and previous studies in
the literature are reviewed. In section 3, the study materi-
als and methods are presented, the findings are evaluated,
and the results are discussed in section 4. Considering that
sustainability is closely related to the local, the study is
critical primarily because it was conducted in Tiirkiye. On
the other hand, unlike the literature, the study analyzed
the participants’ views according to their demographic
characteristics and created a model for the barriers to us-
ing sustainable materials. In these respects, the study will
make a significant contribution to the literature, and the
results of the study will be a guide for efforts to make the
construction sector more sustainable.

2. THEORETICAL FRAMEWORK AND STUDIES IN
THE LITERATURE

As hybrid and electric cars are changing the automo-
bile industry, sustainable architecture is changing the con-
struction industry [21]. According to Bourdeau (1999), the
main characteristics of a sustainable architectural product
are meeting human health and comfort at the highest level,
aiming to improve the quality of human life, being energy
and resource-efficient, protecting biodiversity, minimizing
waste production, longevity, and using recycled and recy-
clable materials [22]. Sustainable housing offers many ben-
efits, such as improving quality of life and property value,
ensuring affordability, fostering human development, re-
ducing natural disaster risks, and encouraging sustainable
urban growth [23]. In the framework developed by Kim
and Rigdon (1998) as a guideline for sustainable design,
three basic principles of “Economy of Resources, Life Cycle
Design, and Humane Design” and strategies and methods
related to these principles have been developed. The rela-
tionship between sustainability and building materials has
been examined through these principles (Table 1) [24].
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Table 1. Sustainable design framework [24]

Principles
Economy of resources Life cycle design Humane design
Strategies
Energy conservation Prebuilding phase Preservation of natural conditions
Water conservation Building phase Urban design / Site planning
Material conservation Post building phase Design for human comfort
Methods

2.1. The Principle of the Economy of Resources

Covering only 2% of the world’s landmass, cities con-
sume 75% of resources, producing greenhouse gas clouds
and billions of tons of solid and toxic waste. For example,
125 times the area of London is required to re-supply the
resources consumed [25]. The principle of resource conser-
vation, which was developed in response to this excessive
human consumption, aims to reduce the use of non-renew-
able resources and ensure their conservation throughout
the life cycles of buildings consisting of design, construc-
tion, construction, and demolition. The objectives of sus-
tainable building design include reducing resource inputs,
recycling resource outputs, and reducing environmental
pollution through effective waste management [26].

The principle of resource conservation consists of
methods related to energy, water, and material conserva-
tion strategies [24]. The energy conservation strategy aims
to use more renewable energy throughout the building life
cycle [27]. When the relationship between energy conser-
vation and building materials is examined, it is seen that
both the energy consumed during the production, trans-
portation, and transformation of building materials and the
contribution of materials to energy saving during the use of
the building should be addressed. Energy is inevitably used
to process all building materials [28]. There is a vast dif-
ference between the energy used to build a house made of
locally available material, such as adobe or rammed earth,
and the energy used to create a steel construction house. In
sustainable design, it is essential to use materials that re-
quire less energy to produce and transport [29]. Within the
framework of energy conservation, Kim and Rigdon (1998)
recommend the use of materials with low embodied ener-
gy; the selection of materials that require little energy for
their production, transportation, maintenance, and repair
and are obtained from local sources; attention to insulation
materials used to reduce heat gains and losses; and the use
of energy-saving materials in systems such as heating, cool-
ing, air conditioning, and lighting [24].

In addition to the increase in world population, per
capita water use, industrial and production activities, and
urbanization, the decrease in precipitation and change in
precipitation regimes due to climate change put the world’s
freshwater resources under tremendous pressure [30]. For
example, Tiirkiye’s water per capita has decreased from
4,000 m? to 1,500 m® in the last 20 years. Tiirkiye’s popu-
lation is expected to reach 100 million in 2030. With the
decrease in precipitation, Tiirkiye is expected to approach

the category of water-poor countries with a per capita water
amount of 1100 m® [31]. The water conservation strategy
aims to reduce the amount of water buildings use through-
out their life cycle. Just like in energy, there is also embed-
ded water for building materials. It is possible to define em-
bodied water as water consumed during the cultivation and
extraction of raw materials for building materials, manu-
facturing and transportation of products, and construction.
Research shows that most of this water (92%) is consumed
for material production [32]. For 1 m® of concrete, the em-
bedded water reaches 11 tons; for 1 m? of glass with a thick-
ness of 4 mm, 3.4 tons; and for 1 m? of timber, 20.1 tons
[33]. These figures indicate the importance of water conser-
vation in selecting building materials.

Material conservation is crucial to ensure that the de-
sign meets sustainability criteria. It is vital for sustainabili-
ty that building materials are durable, easy to maintain and
maintain, recycled, and recyclable [34]. According to Sta-
hel (1990), materials should be recyclable, reusable, locally
sourced, produced outside extensive centralized facilities,
and positively impact user health and comfort level [29].
They prefer materials that have a long lifetime and are easy
to maintain, resulting in less need for renovation. In this way,
problems such as the embedded energy and water required
to produce the new material, carbon dioxide emissions
during manufacturing, local environmental impact due to
raw material extraction, and pollution during the transpor-
tation and processing of the material are avoided [28].

2.2. The Principle of Life Cycle Design

The principle of life cycle design is based on the trans-
formation of resources from one form in which they are
helpful to another in which they can be useful so that their
useful life continues without ever ending. Materials are
considered one of the most critical inputs to the life cycle
process. All stakeholders, from owners to designers, con-
tractors to users, should seek assurance that the materials
used in buildings are the best materials for the environment
on a “cradle to grave” basis. Under ideal conditions, it is part
of the process that buildings are built with materials from
recycling other buildings and are recyclable. However, it is
naturally impossible to design an utterly closed building life
cycle that eliminates the need for new materials. However,
adhering to life cycle principles means reducing the con-
sumption of energy, water, and resources required to pro-
duce new materials and reducing the production of solid
waste and harmful emissions. The life cycle design principle
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comprises pre-building, building, and post-building phases
[24]. The building design is realized in the pre-building
phase, and the selected materials are evaluated regarding
their environmental impact. In this phase, the raw mate-
rials should consist of renewable resources, environmen-
tally harmless materials with low embodied energy and
water, and long-lasting and durable materials requiring
less replacement and maintenance. The building phase is
concerned with the environmental, social, and economic
impacts that arise during the transformation of materials
into manufacturing using labor. This phase aims to estab-
lish a waste management system that includes collecting
and recycling material waste. Care is also taken to ensure
that building materials and materials used during manu-
facturing, such as adhesives and binders, do not contain
toxins that could harm the health of construction workers
and users. In the post-building phase, the aim is to recycle
materials after the end of the useful life of the building, thus
reducing the use of new natural resources and energy.

2.3. The Principle of Humane Design

The first two principles prioritize efficiency and conser-
vation, while the design principle for people encompasses
the entire ecosystem, including individuals, plants, and
wildlife [24]. Research indicates that the quality of the en-
vironment influences people’s health, well-being, economic
prosperity, and lifestyle [35]. Making sustainability viable
involves aligning it with people’s needs and cultural values
[36]. The strategies within this principle involve conserv-
ing natural environments, urban design, and designing for
human comfort [24]. Sustainable selection of building ma-
terials can help preserve the natural ecosystem and protect
vulnerable areas [37]. Designing buildings in harmony with
their environment, considering topography, climatic data,
and natural and artificial elements aids in selecting materi-
als correctly, prolonging their service life, using them effec-
tively, and avoiding unnecessary labor and costs [38]. Urban
design and land planning strategies involve transitioning
from building to city scale, requiring materials that respect
local characteristics [24]. The design strategy for human
comfort focuses on interior spaces, where people spend 70%
of their lives selecting materials to enhance thermal, visual,
and auditory comfort. Proper thermal insulation materials
reduce mechanical heating and cooling systems, while uti-
lizing natural light reduces the need for additional lighting,
promoting healthy biorhythms [39]. Additionally, materials
used in door, window, and wall systems play a crucial role in
providing auditory comfort by mitigating noise.

2.4. Studies in the Literature

Studies in the literature reveal that more importance
should be given to selecting sustainable materials. A study
conducted in Tirkiye concluded that using sustainable
materials and building elements is insufficient even in
LEED-certified projects [40]. Therefore, it seems appro-
priate to investigate the crucial factors in using sustainable
materials and their barriers. There are a limited number of
studies on this issue in the literature. Akadiri (2015) exam-
ined the main barriers to selecting sustainable building ma-

terials in Nigeria. A survey conducted among professionals
in the construction sector showed that the most critical
barriers to selecting sustainable materials are the percep-
tion of extra cost and the need for knowledge of sustainable
materials [41]. Kuppusamy et al. [42] concluded that the
main barriers to using green building materials in Malaysia
are high cost, lack of awareness, and lack of rules and regu-
lations. The solutions are reducing the cost of green build-
ing materials and organizing education and training cam-
paigns. In a similar study, Mohsin and Ellk (2018) found
problems between designers’ environmental awareness in
building construction and realistic implementation due to
administrative and technical reasons [43]. Dinh et al. [44]
identified 11 obstacles to integrating sustainability criteria
into material selection in Vietnam, one of the developing
country examples. They concluded that four are of “high”
importance. Mewomo et al. [45] evaluated sustainable
building materials through 25 barriers they created. In the
study, lack of awareness and knowledge, lack of local au-
thority and government involvement, insufficient funding
for research and development and education and training,
lack of understanding of the net benefit, lack of qualified
personnel or practitioners, and lack of building codes and
regulations on innovation were considered as the most crit-
ical barriers. In their study, Gounder et al. [46] aimed to
identify the main barriers to using sustainable materials in
Australia. Using the relative importance index, exploratory
factor analysis, and multinomial logistic regression analysis
as research methods, the study reveals that the critical bar-
riers to the use of sustainable materials are related to cost
and profit considerations, the reluctance of key stakeholders
to include these materials in construction projects, lack of
incentives and government policies. In another study con-
ducted in Nigeria, Eze et al. [47] identified resistance and
information barriers, regulation and financing challeng-
es in research and development, cost and market hurdles,
insufficient government incentives, limited supplier avail-
ability, and barriers to expertise and labor as the primary
obstacles hindering the adoption of sustainable materials.

Danso (2018), in his study on the determination of
sustainability criteria, determined criteria by evaluating
building materials based on their economic, social, and
environmental sustainability [48]. Dinh et al. [44] ranked
18 criteria according to their importance. As a result of the
research, it was concluded that the most crucial criterion
is material price. Al-Atesh et al. [49] evaluated the criteria
for sustainable building materials. Within the scope of the
study, 29 criteria were ranked according to their importance
with AHP. As a result of the research, it was concluded that
environmental and economic criteria are more important
than social criteria. When previous academic studies are
evaluated, there has yet to be a consensus on the criteria
for sustainable building materials selection and the barriers
in this regard. It is seen that the barriers to the selection of
sustainable materials vary from country to country and can
also differ according to the opinions of the participants. In
all these respects, there is a need for much more studies on
the subject, especially on a national scale.
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Figure 1. Demographic features of the participants.

3. MATERIAL AND METHODS 4. RESULTS

Dinh et al. [44] examined sustainable material selec-
tion and barriers to sustainable material use in Vietnam.
In the study, it was seen that the criteria were determined
based on a comprehensive literature study and existing
criteria related to sustainability. Since Vietnam is a de-
veloping country, Vietnam has economic characteris-
tics similar to Tiirkiye, so the scale used by Dinh et al.
[44] was utilized in this study. Participants were asked
to evaluate the importance levels of 17 criteria under the
headings of environmental, social, and economic sustain-
ability in terms of sustainability of building materials and
the importance levels of 11 barriers to using sustainable
materials. The evaluations used a 5-point Likert scale
(1- Not important, 2- Slightly important, 3- Average im-
portant, 4- Very important, and 5- Very important). The
survey was conducted with 60 participants with different
demographic characteristics, and the collected data were
analyzed using SPSS 29.0 (Statistical Package for Social
Sciences) (SPSS, 2023). Descriptive analyses were made
about the scales according to the characteristics of the
participants. In the study, the reliability of the scales was
also tested, and inferential analyses were made with in-
dependent sample T-Tests andT-testsTests after checking
the normality of the data. The Index of Relative Impor-
tance (IRI) of all criteria was determined. In the last stage,
to better understand the barriers to sustainable material
selection, factor analysis was performed, factor weights
were determined, and a model was created.

4.1. Demographic Findings

Demographic findings of the participants were obtained
through descriptive analysis. Descriptive analysis expresses
and summarizes a data set in quantitative numerical val-
ues or counting or ranking values in quantitative or graph-
ic form [50]. Demographic findings of the participants are
given in Figure 1. Accordingly, 62% of the participants were
male. All the participants, who were predominantly (43%)
between the ages of 20 and 29, were selected from those
with a university education level or higher, as it was thought
that they could better evaluate the issue of sustainability. In
terms of work experience, more than half of the respon-
dents have 0-10 years of experience, while 22% have more
than 20 years of experience. When engineers and architects,
real estate sector employees and contractors included in the
service sector employees and self-employed, and faculty
members working in related faculties are evaluated togeth-
er, it is possible to say that almost all the participants are
related to the construction sector.

4.2. Descriptive Statistics and Reliability Analysis

Results of the Scales Used

The results of descriptive statistics and reliability coefti-
cients of the scales used in the research are given in Table 2.
The questions were 3.65, 3.86, 3.90, and 3.65 for economic,
environmental, and social criteria and barriers to sustain-
able material use, respectively. As can be seen in the table,
the reliability values of the scales were above the 0.5 limit
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Table 2. Descriptive statistics and reliability values of the scales

Variable N Item number Item mean Item min. Item max. C. Alpha
Economic criteria 60 5 3.653 3.067 4.100 0.649
Environmental criteria 60 8 3.867 3.483 4.300 0.813
Social criteria 60 6 3.904 3.317 4.367 0.552
Barriers 60 11 3.652 3.100 4.033 0.789
Table 3. Mean and standard deviation values of the criteria

No Criteria N Mean SD
Ecl Material price 60 4.1000 0.72952
Ec2 Material handling cost 60 3.7667 0.87074
Ec3 Cost during the construction phase 60 3.6000 1.21013
Ec4 Cost in operation and maintenance phase 60 3.7333 1.05552
Ec5 Cost further ing demolition phase 60 3.0667 1.19131
Econmean 60 3.6533 0.65062
Enl Energy consumption 60 3.6667 1.14487
En2 Water consumption 60 3.4833 1.15702
En3 Global warming 60 3.6500 1.20486
En4 Waste production management 60 3.8667 1.06511
En5 Toxic emissions 60 4.3000 0.94421
En6 Depletion of natural resources 60 4.0667 0.95432
En7 Acidification of soil and water 60 4.1167 0.99305
En8 Potential for recycling and reuse 60 3.7833 1.13633
Envmean 60 3.8667 0.70481
Scl Safety in construction and operation 60 4.3167 0.79173
Sc2 The health of workers and citizens 60 4.3667 0.78041
Sc3 LabLaborailability 60 3.6167 0.99305
Sc4 Aesthetics 60 3.3167 1.29525
Socialmean 60 3.9042 0.63127

SD: Standard deviation.

value suggested by Cronbach and Helmstater, indicating
that the scales were reliable [51, 52]. While the reliability
values are pretty high for environmental criteria, they are
relatively low for social criteria.

The average scores of the criteria are presented in Table 3.
Among the economic criteria, the criterion of the initial price
of the material explained in the questionnaire as “The price
that the contractor orders from the suppliers” has reached
the highest average score, and the cost during the demolition
phase has reached the lowest average score. Among the envi-
ronmental criteria, the toxic emission criterion, “emission of
poisons into the environment during the use of construction
material,” has the highest average, and water consumption
has the lowest average. Among the social criteria, “Health of
workers and citizens” and “aesthetics” received the highest
and lowest average scores, respectively.

The average scores of the criteria related to the barriers
to the use of sustainable materials are presented in Table 4.
Among this criterion, “Risks of higher initial cost, total cost
and extra time” has the highest mean score and “Refusal
to change traditional criteria in material selection and con-
struction methods” has the lowest mean score.

4.3. Inferential Analyses

Inferential analyses were conducted to determine wheth-
er participant evaluations changed according to demo-
graphic characteristics. For this purpose, it was first checked
whether the data were usually distributed to decide whether
parametric or nonparametric tests would be applied in in-
ferential analyses. Different methods can be used to deter-
mine this. The most used of these methods is to check the
Skewness and Kurtosis values of the data. The skewness and
kurtosis values in Table 5 vary between -0.922 and 0.244.
Hair et al. [53] reported that the data are considered cus-
tomarily distributed if the skewness and kurtosis values are
between +1 and -1. Therefore, it was accepted that the data
were normally distributed for all four criteria, and inferen-
tial analyses with parametric tests were conducted.

Inferential statistics are statistics that obtain analytic
expressions for estimation or hypothesis testing about the
character of the statistical main population [54]. Inferen-
tial analysis tests compare the means of two or more groups
and decide whether the difference between means is ran-
dom or statistically significant. Since the data were normal-
ly distributed, the independent sample T-test was used for
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Table 4. Mean and standard deviation values of barriers to sustainable material use

No Criteria N Mean SD
BARI1 Lack of database on environmental and social impacts of the material 60 3.8000  1.0051
BAR2 Limited availability of sustainable materials in the construction sector 60  3.7167  0.9223
BAR3 Lack of education, awareness, and knowledge of sustainable materials 60 3.8167 0.8335
BAR4 Lack of cost-effective software or toolkits for material selection 60 3.5167  1.0655
BAR5 Stakeholders focus only on economic criteria 60 3.9667  0.9382
BAR6 Lack of government support 60 3.4833  1.4081
BAR7 Lack of customer demand and awareness 60  3.8333  1.1956
BARS8 Lack of sustainable construction culture 60 3.5833  1.1541
BAR9 Refusal to change traditional criteria in the selection of materials and construction methods 60 3.1000  1.2171
BARI10 The evaluation process is too complex 60 33167  1.0655
BARI11 Higher initial cost, total cost, and extra time risks 60  4.0333  1.0571
Barmean 60 3.6515  0.6137
SD: Standard deviation.
cases with two groups in inferential analyses, and the Ano-  Table 5. Mean, kurtosis, and skewness values of the scales
va test was used for cases with more than two groups. The Statistic SE
test results for the cases where the difference between the
participants’ opinions is significant are as follows: Economic mean
The independent sample T-test was used to investigate Mean 3.8667 0.091
whether there was a significant difference between the par- Skewness -0.362 0.309
ticipants' opinions according to their gender. As a result of Kurtosis -0.524 0.608
the test, a significant difference was found only for environ- ~ Environmentalmean
mental criteria (Table 6). In this test, Levene’s test sig (p) Mean 3.8925 0.098
value greater than 0.05 indicates no difference between the Skewness -0.922 0.337
groups, in which case the value in the first row is consid- Kurtosis 0.393 0.662
ered. The sig. The value in the first row is 0.035, meaning the =~ Socialmean
difference is significant (p<0.05). For environmental crite- Mean 3.9042 0.08150
ria, men's average was 3.7, while women's average was 4.1. Skewness -0.537 0.309
The analysis, according to the age groups of the partici- Kurtosis 0.244 0.608
pants, was carried out using the ANOVA test. As a result of  Barriermean
the test, the sig (p) value was less than 0.05, i.e., significant, Mean 3.6515 0.079
for the economic, environmental, and sustainable materi- Skewness 20.117 0.309
al selection barriers criteria (Table 7). The averages of the Kurtosis -0.705 0.608

participants according to age groups are presented in Table
8. Accordingly, the lowest mean for economic criteria was
3.31 for the age group above 50 years, and the highest mean
was 3.88 for the age group 20-29 years. For environmental
criteria, the lowest mean was 3.13 for those over 50, and the
highest was 4.27 for the 20-29 age group. For the barriers to
using sustainable materials, the lowest average was realized
for those over 50 and the highest for the 30-39 age group.
The independent sample T-test was used to investigate
whether there was a significant difference between the par-

Table 6. T-test results according to the gender of the participants

SE: Standard error.

ticipants' opinions according to their education level. As a
result of the test, a significant difference was found only for
economic criteria and barriers to using sustainable materi-
als (Table 9). For both criteria groups, the averages of those
with master’s and doctorate level education were higher
than those with university degrees. The averages were 3.50
and 4.01 for economic criteria and 3.48 4.04 for barriers.

Levene’s Test for equality of var.

T-test for equality of means

F Sig. t df Sig. (2-tailed)
Envmean
Equal var. as. 1.809 0.184 -2.161 58 0.035
Equal var. not as. -2.319 56.193 0.024

df: Degrees of freedom.
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Table 7. Anova test results according to age groups of participants
Sum of squares df Mean square F Sig.
Econmean
Between groups 3.498 3 1.166 2.893 0.043
Within groups 22.571 56 0.403
Total 26.069 59
Envmean
Between groups 10.896 3 3.632 11.047 0.000
Within groups 18.412 56 0.329
Total 29.308 59
Barmean
Between groups 3.878 3 1.293 3.947 0.013
Within groups 18.340 56 0.328
Total 22.218 59

df: Degrees of freedom.

Table 8. Mean criteria scores of participants according to age
groups

Criteria Age N Mean SD
group
Econmean 20-29 26 3.8846 0.70011
30-39 10 3.7400 0.55817
40-49 12 3.4167 0.64079
>50 12 3.3167 0.52194
Total 60 3.6533 0.66472
Envmean 20-29 26 4.2740 0.50747
30-39 10 3.8125 0.74594
40-49 12 3.7604 0.51802
>50 12 3.1354 0.60410
Total 60 3.8667 0.70481
Barmean 20-29 26 3.8217 0.56538
30-39 10 3.9273 0.44906
40-49 12 3.4470 0.65608
>50 12 3.2576 0.58767
Total 60 3.6515 0.61365

SD: Standard deviation

Inferential analyses of the participants, according to
the duration of work experience, were conducted using the
ANOVA test. As a result of the research, a significant dif-
ference was found for economic and environmental criteria
(p<0.05) (Table 10). Looking at the averages, the average of
the group with 16-20 years of experience (3.11) was found
to be the lowest, and the average of the group with 6-10
years of experience (3.90) was found to be the highest for
economic criteria (Table 11).

Anova test was used to analyze whether the differences
in the participants' opinions according to their professions
were significant [55]. The test showed that the result was
significant for economic criteria (Table 12). When the aver-
ages of the groups were analyzed, it was seen that the low-
est average was found for engineers (3.28), and the highest
average was found for faculty members (4.13). When the
inferential analyses are analyzed in general, it is seen that
there are differences in the opinions in general for econom-
ic criteria and, in some cases, for environmental criteria and
barriers. For social criteria, there is a consensus.

4.4. Criteria to be Considered in the Selection of

Sustainable Building Materials

As aresult of inferential analyses, it was determined that
the results, especially the economic criteria, differed signifi-

Table 9. T-test results according to the education level of the participants

Levene’s Test for equality of var.

T-test for equality of means

F Sig. t df Sig. (2-tailed)
Econmean
Equal var. as. 0.550 0.461 -2.895 58 0.005
Equal var. not as. -3.034 35.976 0.004
Barmean
Equal var. as. 1.068 0.306 -3.563 58 0.001
Equal var. not as. -3.793 37.371 0.001

df: Degrees of freedom.
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Table 10. Anova test results according to participants’ duration of work experience

Sum of squares df Mean square F Sig.

Econmean

Between groups 5.453 4 1.363 3.637 0.011

Within groups 20.617 55 0.375

Total 26.069 59
Envmean

Between groups 7.474 4 1.868 4.706 0.002

Within groups 21.835 55 0.397

Total 29.308 59

df: Degrees of freedom.

cantly according to the demographic characteristics of the
participants. In this case, the results can't be generalized.
However, to obtain a general view, the relative importance
indexes of the criteria were determined according to the
formula below. Table 13 presents the relative importance of
economic, environmental, and social criteria. Accordingly,
the criterion with the highest relative importance is “S2 -
Health of workers and citizens,” and the barrier with the
highest relative importance is “BAR11 - Higher initial cost,
total cost, and extra time risks”.

IRI=:W/A*N

IR Index of Relative Importance

W: The weights given by each participant for that propo-
sition are 1- Not important, 2- Somewhat important, 3- Av-
erage important, 4- Very important, and 5- Very important.

A: The highest weight value. In this case, it is 5.

N: Total number of participants (60)

The relative importance indexes of the criteria to be
considered in selecting sustainable building materials and
their ranking accordingly are presented in Table 13. The top
three criteria were the health of workers and citizens, safety
in construction and operation, and toxic emissions. At the
same time, water consumption, aesthetics, and cost during
the demolition phase were the bottom three criteria.

The ranking of the barriers to using sustainable building
materials according to their relative importance indexes is giv-
en in Table 14. The criterion “Risks of higher initial cost, total
cost and extra time” has the highest relative importance, and
“Refusal to change traditional criteria in material selection and
construction methods” has the lowest relative importance.

(1)

4.5. Factor Analysis
In the last stage of the study, factor analysis was con-
ducted to determine the barriers to using sustainable build-

Table 12. Anova test results according to participants’ professions

Table 11. Averages of the participants according to the duration
of their work experience

Criteria N Mean SD

Econmean
<5 16 3.8625 0.75089
6-10 16 3.9000 0.61536
11-15 3.8333 0.46332
16-20 3.1111 0.44845
>20 13 3.3846 0.56250
Total 60 3.6533 0.66472

Envmean
<5 16 42813 0.56734
6-10 16 4.0391 0.52185
11-15 3.8333 0.83915
16-20 3.6111 0.51707
>20 13 3.3365 0.77793
Total 60 3.8667 0.70481

SD: Standard deviation.

ing materials. Factor analysis is the general name of a group
of multivariate analysis techniques that aim to reduce many
variables that are thought to be related to each other to a
smaller number of basic dimensions to orotate the under-
standing and interpretation of these relationships [56].

In factor analysis, the first step is to examine the suit-
ability of the data for factor analysis, that is, to check the
factorability of the items. The most well-known method for
this is to conduct sample suitability tests. The tests for the
suitability of factor analysis are Bartlett’s test of sphericity
and Kaiser-Methe yer-Olkin (KMO) test. The results of the

Sum of squares df Mean square F Sig.
Econmean
Between groups 5.685 6 0.948 2.464 0.036
Within groups 20.384 53 0.385
Total 26.069 59

df: Degrees of freedom.
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Table 13. Ranking of sustainable building material selection
criteria according to their IRI

No Criteria IRI
Sc2 The health of workers and citizens 0.873
Scl Safety in construction and operation 0.863
Env5 Toxic emissions 0.860
Env7 Acidification of soil and water 0.823
Ecl Material price 0.820
Env6 Depletion of natural resources 0.813
Social 0.781
Env4 Waste production management 0.773
Environmental 0.773
Env8 Potential for recycling and reuse 0.757
Ec2 Material handling cost 0.753
Ec4 Cost in operation and maintenance phase 0.747
Envl Energy consumption 0.733
Economic 0.731
Env3 Global warming 0.730
Sc3 Labor availability 0.723
Ec3 Cost during the construction phase 0.720
Env2 Water consumption 0.697
Sc4 Aesthetics 0.663
Ec5 Cost during the demolition phase 0.613

IRI: Index of Relative Importance.

sample suitability tests are given.MO that is used to test the
suitability of the sample size in factor a. The KMO value
must be higher than 0.50 to proceed with factor analysis.
In this test, the KMO value was found to be 0.590. Bartlett’s
test tests the null hypothesis that “the original correlation
matrix is the same as the identity matrix (all correlation co-
eflicients are zero)” [56]. The Table 15 shows that this test
is significant, meaning that it is suitable for factor analysis.
According to the commonalities table, each variable
(item) has a common variance between 0 and 1. While items
with commonalities above 0.50 explain more of the variance,
items with commonalities lower than 0.50 may lead to more
complex factors to interpret, or these items need to be elimi-
nated. In Table 16, only one item with a commonality below

0.5 was identified (BAR4-0.484). Still, since the value was
close to 0.5, it was decided to include all items in the analysis.

A good factor analysis is expected to explain the highest
variance with the least number of factors. An analysis that ex-
plains 50-75% of the total variance is considered a good result
in factor analysis. The table below shows the eigenvalues be-
fore and after factor extraction and after rotation (Table 17).
These values roughly indicate the correlation between two
variables. Also, there are four factors with eigenvalues greater
than 1; the first factor explains 32% of the variance. The rel-
ative importance of the factors is equalized by rotation. The
four factors explain 74% of the total variance (Table 17).

Interpreting factor loadings without rotation presents
challenges. Rotating the matrix aids in achieving a more in-
terpretable factor structure and optimizes the items in terms
of explained variance post-rotation. Upon examination of
the factor loading matrix rotated using the Varimax meth-
od, no instance was observed where an item exhibited strong
loadings from multiple factors. In such cases, a minimum
load difference of 0.1 is preferred, and items explaining mul-
tiple factors are systematically removed from the scale, one
item at a time, with the matrix reassessed accordingly. How-
ever, such a scenario did not occur in this instance (Table 18).

An essential stage of factor analysis is naming the fac-
tors. Factors are named by examining the variables loading
on the factors and determining the common point between
the variables. In naming, care is taken to give the name that
best expresses the meaning the variables loading on the fac-
tor want to emphasize. By naming the factors, the model
shown in Figure 2 was obtained.

5. DISCUSSION

The research was conducted with 60 participants with
different demographic characteristics. The participants
were asked to evaluate the importance of 17 criteria under
the headings of economic, environmental, and social sus-
tainability in terms of sustainability of building materials.
Participants also reported how important they found the
barriers to using sustainable materials. Inferential analy-
ses showed that participant opinions differed according
to different demographic characteristics. This differenti-

Table 14. Ranking of the barriers to the use of sustainable building materials according to their IRI

No Criteria IRI

BARI11 Higher initial cost, total cost, and extra time risks 0.807
BAR5 Stakeholders focus only on economic criteria 0.793
BAR7 Lack of customer demand and awareness 0.767
BAR3 Lack of education, awareness, and knowledge of sustainable materials 0.763
BARI1 Lack of database on environmental and social impacts of the material 0.760
BAR2 Limited availability of sustainable materials in the construction sector 0.743
BARS Lack of sustainable construction culture 0.717
BAR4 Lack of cost-effective software or toolkits for material selection 0.703
BARG6 Lack of government support 0.697
BARI10 The evaluation process is too complex 0.663
BARY Refusal to change traditional criteria in the selection of materials and construction methods 0.620
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Table 15. KMO and Bartlett tests’ results Table 16. Communalities
Kaiser-Meyer-Olkin measure of sampling adequacy. 0.590 Criteria Extraction
Bartlett’s test of sphericity BARI 0.815
Approx. Chi-Square 270539 para 0.759
d > BAR3 0.773
Sig. 0.000
BAR4 0.484
KMO: Kaiser-Methe yer-Olkin; df: Degrees of freedom. BAR5 0.782
BARG6 0.852
ation was most pronounced for economic criteria, where-
Lo . . . BAR7 0.815
as no significant differences emerged for social criteria. It
was observed that female respondents attributed greater ~BARS 0.775
importance to environmental criteria than male respon- BAR9 0.575
dents. Another result is that as the age of the participants BAR10 0.730
increases, the level of 1mporFanFe they ajctrlbute tothecri-  papyg 0.719
teria decreases. The most significant difference emerged
for environmental criteria, with the average for the 20-29  Extraction Method: Principal Component Analysis.
age group being well above very important (4.27).
Table 17. Total variance explained
Comp. Initial eigenvalues Extraction sums of Sq. loadings Rotation sums of Sq. loadings
Total % of var. cum. % Total % of var. cum. % Total % of var. cum. %
1 3.734 33.949 33.949 3.734 33.949 33.949 2.623 23.845 23.845
2 1.745 15.861 49.809 1.745 15.861 49.809 2.072 18.838 42.683
3 1.526 13.877 63.686 1.526 13.877 63.686 1.860 16.910 59.594
4 1.076 9.781 73.467 1.076 9.781 73.467 1.526 13.873 73.467
5 0.700 6.364 79.831
6 0.676 6.147 85.978
7 0.579 5.265 91.243
8 0.333 3.028 94.270
9 0.299 2.715 96.985
10 0.225 2.049 99.034
11 0.106 0.966 100.000
Extraction Method: Principal Component Analysis.
Table 18. Rotated factor loadings matrix
Component
1 2 3 4
BAR1  Lack of database on environmental and social impacts of the material 0.288 -0.105 0.809  0.258
BAR2  Limited availability of sustainable materials in the construction sector 0.061 0.763  0.390  0.147
BAR3  Lack of education, awareness, and knowledge on sustainable materials 0.387 0389 0.166 0.667
BAR4  Lack of cost-effective software or toolkits for material selection 0.610 0.164 0.255 0.141
BAR5  Stakeholders focus only on economic criteria 0.053 -0.082 -0.008 0.879
BAR6  Lack of government support 0.387 0.642 -0.380 0.383
BAR7  Lack of customer demand and awareness 0.864 -0.107 -0.214 0.107
BAR8  Lack of sustainable construction culture 0.862 0.086 0.118  0.109
BARY  Refusal to change traditional criteria in the selection of materials and construction methods  0.610  0.315  0.321  0.028
BARI0 The evaluation process is too complex 0.048 0.846 0.006 -0.113
BARI1 Higher initial and total cost and risk of extra time 0.004 0.222 0.809 -0.127

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. a. Rotation converged in 5 iterations.




J Sustain Const Mater Technol, Vol. 9, Issue. 2, pp. 144-158, June 2024

155

Barriers to Sustainable Material Use

Culture and Awareness

X General Barriers
Barriers

Insufficient
Consciousness

Cost and Insufficient
Information

Lack of customer demand
and awareness

The evaluation process is
too complex

Limited availability of
sustainable materials in
the construction sector

Lack of sustainable
construction culture

Lack of cost-effective
=y software or toolkits for -
material selection

Lack of government
support

Refusal to change
traditional criteria in the
selection of materials and
construction methods

Stakeholders focus only on
economic criteria

Higher initial cost, total
cost and extra time risks

Lack of database on Lack of education,
== environmental and social | k===f awareness and knowledge
impacts of the material on sustainable materials

Figure 2. Model of barriers to sustainable material use (Source: Created by the authors).

In comparison, it was almost only necessary (3.14) for
the over-50 age group. Since work experience is directly
proportional to age, a similar pattern was observed for
work experience. Respondents with a master’s degree and
higher education attributed greater importance to eco-
nomic criteria. While there was a significant difference by
occupation only for economic criteria, faculty members
were the occupational group that attributed the highest
importance. This differentiation between the participants’
views identified by inferential analysis indicates that it
would be helpful to conduct studies with a more signifi-
cant number of participants.

On the other hand, it is pleasing that young people are
more sensitive to sustainability. Nevertheless, conducting
cross-sectional studies to see whether participants’ views
have changed over time would be helpful. There is always
the possibility that other challenges participants face over
time may have pushed sustainability to the background.
The significant differences in participants’ opinions on eco-
nomic criteria, in general, maybe because the financial dif-
ficulties experienced by our country in recent years have
affected different segments of society at various levels. A
general conclusion is that people whose tasks are linked to
sustainability should be carefully selected, as they can re-
flect their views on practice.

Although there were differences of opinion among the
participants for some criteria, the relative importance of the
criteria was found to get a general idea. The requirements
with the highest relative importance were:

 The health of workers and citizens.

o Safety in construction and operation.

» Toxic emissions.

In this respect, the study conducted in Tiirkiye differs
from other studies in the literature. This means that the
country’s dynamics should re-examine the study’s struc-
ture. As a result, all three of the top three most important
criteria are related to health and safety. This situation in the
construction sector is quite alarming. The fact that building
materials carry serious health risks increases the impor-
tance of this awareness. The following factors are consid-
ered influential in prioritizing criteria in this manner:

o With industrialization, the number of occupation-
al accidents and diseases has increased significantly,
and protecting workers’ health and safety has been
one of the most critical problems of working life
since then. Occupational accidents affect the health
and safety of everyone in the construction industry,
including designers, architects, structural engineers,
and construction site workers [57]. The construction
sector ranks first in terms of the frequency of acci-
dents causing death and permanent incapacity for
work in Tirkiye [58].

o The construction sector faces numerous risk factors
that contribute to accidents. These include outdoor
work under varying weather conditions, high turnover
rates, work conducted at different elevations, constant
movement of workers and materials, and a dispersed
workforce with varying education levels [59]. These
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factors, often intertwined with material selection, in-

fluence safety measures. For instance, opting for pre-

fabricated materials reduces time spent at heights,
while choosing easier-to-assemble materials minimiz-
es on-site labor requirements.

o The link between occupational diseases and construc-
tion materials is significant, surpassing that of occupa-
tional accidents. Various materials used in construc-
tion, including cement, adhesives, wood and plaster
dust, solvent and glue vapors, asbestos, heavy metals,
and welding fumes, pose health risks to workers and
users of completed structures. Exposure to these sub-
stances can result in severe conditions such as cancer,
silicosis, asbestosis, skin allergies, bronchitis, nervous
system disorders, and lead poisoning [60].

The last three ranked criteria were water consumption,
aesthetics, and cost of demolition, with relative importance
levels below 0.7. The conclusions reached regarding these
are provided below:

o Water is one of the world’s most precious natural re-
sources. In Tiirkiye, projections indicate that per capita
water availability may classify the country as water-poor
[31]. Climate change simulations further forecast a rise
in temperatures by up to 5 degrees Celsius nationwide,
accompanied by a precipitation decline of up to 30%
in the southern and western regions [61]. Given these
forecasts, addressing water consumption is deemed cru-
cial, necessitating heightened awareness and emphasis
on conservation efforts

o Architectural beauty is more than just a visual delight.
It’s defined as “the harmony of everything and a cer-
tain harmony between all the elements of the build-
ing so that no part can be added, removed or changed
without damaging the design” or “an impressive pho-
tograph of any relationship between lines, colors, and
volumes” [62]. In this respect, aesthetics, like water
consumption, is a criterion that should be given higher
importance, as it’s the architects’ and urban planners’
role to create functional, visually appealing, and har-
monious structures.

o Demolition costs encompass various factors. However,
compared to construction costs, demolition expenses
are relatively low. Hence, it's common practice to assign
minimal importance to demolition costs as a criterion
in decision-making processes.

In ranking the barriers to using sustainable building
materials according to the relative importance indexes,
the criterion “Higher initial cost, total cost, and extra
time risks” has reached the highest relative importance.
“Refusal to change traditional criteria in material selec-
tion and construction methods” had the lowest relative
importance. The results of the study are in line with the
literature. In parallel with [41, 42, 46], “cost” factors are
among the most critical barriers to the use of sustain-
able materials. The initial cost of sustainable materials
is often higher than conventional ones, but a prevalent
misconception is that sustainability always entails sig-
nificantly higher expenses.

Additionally, uncertainty about future costs and
availability can deter stakeholders from adopting sus-
tainable materials. However, in the long term, buildings
constructed with sustainable materials are more cost-ef-
fective due to the savings they provide. Transition diffi-
culties are cited as barriers to the widespread adoption of
sustainable materials. On the other hand, in this study,
the participants attributed little importance to rejecting
the traditional approach.

In the last stage of the study, the barriers to using sus-
tainable building materials were subjected to factor analy-
sis. Four factors explaining 73.5% of the total variance were
identified. The factors were named cultural and awareness
barriers, general barriers, cost, insufficient knowledge, and
insufficient awareness by paying attention to the common
points between the variables. It is evaluated that the model
obtained will contribute to the literature in this regard.

6. CONCLUSIONS

While Tiirkiye’s environmental pollution pressure is
increasing, the bill resulting from its external dependence
on energy is steadily rising. If this trend continues, the
country is expected to become one of the water-stressed
countries shortly. These three fundamental problems alone
point to the need for Tiirkiye to make significant strides in
sustainability. Like the rest of the world, the construction
sector is one of the sectors where the need for sustain-
ability is most evident. The first and most crucial step in
achieving sustainability in the industry is the sustainable
selection and use of materials that significantly affect con-
struction management. The study is expected to make the
construction industry sustainable by providing essential
data to stakeholders on sustainable material selection and
barriers to sustainable material use. It is thought that it
would be beneficial to enrich the literature by conducting
more extensive research in the future.
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