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Abstract: Decreasing the impact of educational buildings on the environment is a primary concern
of the sustainable building movement. However, limited research has centered on improving
educational building sustainability from users’ perspectives. This study aims to determine an overall
user perspective satisfaction scale (OUPS) for post-secondary educational buildings, determine the
factors and sub-factors that affect users’ perspectives, and create a building sustainability platform
for evaluating user satisfaction. The main goal of the developed model is to offer facility managers
the current users’ perspectives on post-secondary educational buildings to improve sustainability
from users’ perspectives. The results revealed a significant influence of thermal comfort (40%) and
aesthetics (22%) on users’ perspectives. The developed model was validated by experts working in
the facility management field and they acknowledged it as having good potential. This work first
utilized the Fuzzy Analytic Network Process (FANP) modelling technique to determine weights
for each factor and sub-factor and then employed the fuzzy expert system to develop an OUPS.
Questionnaire responses and interviews with facility managers and users were used to develop these
models for a case study of the M.B. building at Concordia University in Montreal, Quebec.

Keywords: user perspective; post-secondary educational buildings; building sustainability; fuzzy
analytical network process; facility management; fuzzy expert system

1. Introduction

Engineers, architects, and facility managers are becoming increasingly concerned with
sustainability, especially since the United States Green Building Council [1] reported that
buildings account for 40% of the energy consumption, 72% of the electricity consumption,
39% of the carbon footprint, and 13% of the water consumption in the United States.
In addition, sustainability issues are imperative as a typical building expends a greater
amount of resources and energy than should be expected, which adversely affects the
environment and produces large amounts of waste [2]. Sustainable work-environment
systems have been largely driven by governmental organizations, for example, the United
States Environmental Protection Agency, the General Services Administration Workplace
Management Division, the National Institute of Standards and Technology, and the United
States Green Building Council. Furthermore, a building and its segmented parts are
expected to last longer than other building components [3,4]. Sustainable development has
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been defined as “development that meets the needs of the present without compromising
the ability of future generations to meet their own needs” [5].

Sustainable facilities management (SFM) expands the facility management role and
how it encompasses and impacts multiple aspects, such as energy and water efficiency,
waste avoidance and minimization, ecological conservation, conservation of building mate-
rials, users’ perspectives, indoor air quality enhancement, and strategic management [6].
As for educational buildings, SFM incorporates work that guarantees the usefulness of
these structures by coordinating individuals, place, process, and innovation to manage
the desired conditions, utilities, items, qualities, and administrations from long-term and
environmental perspectives [7,8]. SFM in educational buildings can be executed by utilizing
vitality productive lighting to control and decrease energy use and reduce ozone-harming
substance emanations, which may in turn reduce operation and upkeep costs for the of-
fice [9,10]. Similarly, SFM practices may include low-stream plumbing apparatuses to
decrease water usage and incorporating reused and privately sourced building materi-
als. Overall, SFM plays an important role in influencing user perspective in educational
buildings. According to Shafie et al. [11] and Aleixo et al. [12], facility management (FM)
in educational buildings plays an important role in minimizing dissatisfaction among
building users. Therefore, regarding SFM, the user’s perspective is considered the most
important factor in the success of sustainable educational building design [13,14].

In view of the above, the ultimate objective of the present research study is to develop
a framework for facility managers that provides comprehensive guidelines for updating a
conventional post-secondary educational building into a sustainable one while considering
users’ perspectives towards the facility. The following sub-objectives have been identified
to achieve the main goal of this research:

1. Identify and assess the factors and sub-factors that affect user perspective in post-
secondary educational buildings.

2. Develop an OUPS for post-secondary educational buildings using a fuzzy expert system.
3. Create a user perspective index to evaluate user satisfaction in sustainable post-

secondary educational buildings.

2. Literature Review

Several research studies are reported in the literature that have opted to evaluate
sustainability measures for buildings. One branch of studies has dealt with proposing
passive architecture designs for improving the sustainability performance of buildings.
Al-Sakkaf et al. [15] studied ten passive architecture design scenarios for enhancing energy
consumption and thermal comfort in heritage buildings. Among them were double low-
E-glass and double wall with thermal insulation, double reflected glass and double wall
with thermal insulation, and double reflected glass and double wall with sprayed foam
insulation. Analytical results manifested that implementing double low-E-glass and double
wall with polystyrene thermal insulation could increase thermal comfort and decrease
CO2 emissions by 17% and 9%, respectively. Mahmoud et al. [16] compared the energy
performance of conventional and passive design in administrative buildings. The features
of passive design comprised cross ventilation, shading devices, double walled envelope,
and courtyards. Simulation results showed that the proposed passive design could lessen
the annual energy consumption by 11%.

Another branch of research works has focused on individual building elements or
materials. Abediniangerabi et al. [17] introduced a deep learning model for predicting the
energy savings of façade designs at an early stage. Different simulations were carried out us-
ing Energyplus for two façade systems of conventional panels and ultra-high-performance
fiber-reinforced concrete. The input features encompassed building design parameters
and weather-related parameters, and the target variables were heating energy savings,
cooling energy savings, and total site energy savings. Results showed that the developed
deep neural network model could outperform random forest, generalized linear regression,
and gradient boosting, achieving mean absolute error and root mean squared error in
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total site energy savings of 1.59 and 3.48, respectively. In predicting cooling loads, deep
neural network produced mean absolute error and root mean squared error in total site
energy savings of 0.2 and 0.39, respectively. As for the heating loads, deep neural network
yielded mean absolute error and root mean squared error in total site energy savings of
1.17 and 2.32, respectively. This demonstrated the higher capability of deep neural network
in quantifying energy savings for building façade systems. Kim et al. [18] analyzed the en-
ergy savings of a photovoltaic green roof system using a simulation approach. Agent-based
simulation was used to estimate energy costs and benefits of the green roof system. Sensors
were utilized to gather information pertinent to electricity consumption and real-time
temperature. Results demonstrated that the proposed solution managed to significantly
decrease the energy costs of heating, ventilation, and air conditioning.

Jalali et al. [19] optimized façade design to improve the sustainability performance
of office buildings. Parametric modeling was carried out using Grasshopper software,
and Energyplus was used for environmental impact assessment. A genetic algorithm was
implemented to find the optimum architectural design that resulted in improvement in
natural light, thermal loads, and usable space. It was inferred that the rate of opening could
minimize cooling loads, heating loads, and useful daylight illuminance by 8%, 21%, and
37%, respectively. Habibi et al. [20] proposed a re-roofing solution for improving the energy
savings of buildings. They also studied the applicability of the integration of photovoltaic
panels in roofing systems. Using simulation methodology, it was found that a three-layer
roofing system of a photovoltaic panel, insulation layer, and Ethylene Propylene Diene
Monomer (EDPM) membrane could improve energy performance by values ranging from
13.89% to 15.22% when compared with the current roofing solution.

A third branch of studies has capitalized on current rating systems to improve the
sustainability performance of buildings. Abdallah [21] developed a multi-objective op-
timization model to identify the most sustainable upgrade measures for large existing
buildings. The design building upgrade measures included ones related to specific plans
or fixtures, and they encompassed sustainable cleaning equipment, custodial effectiveness
assessment, storm water quantity control, controllability of systems lighting, etc. A genetic
algorithm was exploited to find the optimum upgrade measures minimizing the total
upgrade cost and maximizing the total number of Leadership in Energy and Environmental
Design (LEED) credit points. Jalaei et al. [22] merged the benefits of building information
modeling and the LEED rating system to compute the credit points of the buildings at
an early stage. They included factors relating to water efficiency, materials and resources,
indoor environmental quality, sustainable sites, etc. In this regard, the missing credits were
calculated using the K-nearest neighbors algorithm.

A fourth branch of research efforts has emphasized sustainability-based condition
assessment models. Eweda et al. [23] created a building’s condition assessment model
for indoor environment. Each space in the building was characterized by four indoor
environmental quality factors: indoor air quality, thermal quality, lighting quality, and
acoustics quality. In this regard, analytical hierarchy process was implemented to find
the relative importance weights of each building space and indoor environmental quality
factors. Multi-attribute utility theory was applied to establish the overall environmental
condition of the building. It was found that the environmental condition of the building
significantly affects the overall condition of the building. Faqih and Zayed [24] developed
an integrated model for appraising the physical and environmental condition of a building.
The physical condition targeted safety, significance, function, and appearance, while the
environmental condition considered indoor air quality, thermal comfort, lighting, and
acoustics. Analytical network process was deployed to find the relative weighting for the
physical and environmental factors, and evidential reasoning was utilized to interpret the
overall condition of the building. It was deduced that the reported model could facilitate
taking appropriate remedial actions based on the overall condition.

In the light of previous research studies, however, it can be observed that there is a
lack of models that focus on facility management in sustainable buildings from the user’s
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perspective, such as considering user satisfaction indicators, user needs, and variation in
user needs. In this context, most of the reported evaluation models tackled sustainability
from economic, operational, and organizational perspectives and excluded user perspective
in their analysis. Considering user needs at an early design stage is essential to ensure
effective collaboration between facility managers and designers [25]. In addition to that,
failure to incorporate user needs could result in excessive maintenance costs, redundant
natural resource consumption, and high energy costs [26,27]. In this regard, the incorpora-
tion of user needs is a complex process that depends on the type of building, its physical
characteristics, number of occupants, and the type of sustainability indicator [28–30]. Thus,
a dynamic platform needs to be customized to address user satisfaction indicators and
relevant variations. It is also noticed that existing rating systems do not consider users’
needs or satisfaction in their assessment frameworks; and that several condition assess-
ment models analyze their influencing factors utilizing questionnaire methods without
considering the uncertainty associated with the different interpretations of respondents, or
the accuracy and/or reliability of their responses.

3. Research Framework

The primary aim of this research is to develop a framework for facility managers
that provides comprehensive guidelines for updating the sustainability of green buildings,
for upgrading a conventional building into a sustainable one, and to do both from the
users’ perspectives. Figure 1 explains the development methodology which encompasses
the following two stages: model development and assessment of user perspective. The
model development stage evaluates the importance level of each criterion and sub-criterion
with respect to the user’s perspective. In addition, the model development stage gathers
responses in relation to assessing the user perspective satisfaction levels in four different
types of sustainable buildings (educational, commercial, industrial, and residential). The
first step in this stage is conducting a comprehensive literature review analysis, where
a set of factors are defined which exhibit a significant influence on users’ perspective in
sustainable buildings. In this regard, these factors were selected to highlight some of the
(generally) overlooked attributes, and to ensure inclusion of the most crucial ones that affect
overall users’ perspectives on sustainable buildings. The appended factors encompass:
(1) thermal comfort and air quality; (2) aesthetics, amenities and upkeep; (3) design and
flexibility; and (4) lighting and acoustics. Each sub-criterion comprises a factor used to
subdivide and assess each criterion in different aspects.

Pairwise comparisons between criteria and sub-criteria are then conducted and used
to calculate their relative importance using fuzzy analytic network process (FANP). Fuzzy
set theory was first introduced by Zadeh [31] to incorporate the imprecision and vagueness
associated with data in addition to incomplete information. In this context, fuzzy set theory
was successfully implemented to handle subjective assessments and lack of information
in several asset management practices [32–34]. In addition, analytic network process
was selected because it enables modelling of the interrelations and interdependencies of
criteria and the users’ feedback, and it has the ability to decrease the gap between the
model and reality [35,36]. Based on the interrelations and the feedback, the ANP allows
the calculation of the overall importance of criteria and the overall perspective level of
every sub-factor [37,38]. The final step involves evaluating the user perspective level for
a sustainable building using the user responses collected on a 5-point Likert scale: very
dissatisfied, dissatisfied, medium, satisfied, and very satisfied [39–41]. In this regard, the
users’ perspective levels are demonstrated in the form of fuzzy membership functions
to simulate the uncertainties linked with experts’ judgements. The second phase of the
framework aims to aggregate the weights of the user perspective attributes alongside
the user perspective levels to calculate the overall perspective of users in the sustainable
building being considered. This stage also includes creating an overall user’s perspective
scale for each designated type of building. In this scale, measuring the user’s perspective
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assessment paves the way for implementing strategies to amplify the user’s assessment,
if needed.
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4. Model Development

This section reviews the user’s perspective assessment attributes considered by the
developed mode in addition to the basic procedures necessary to build it.

4.1. User’s Perspective Attributes

The identification of the user’s perspective assessment attributes (factors and sub-
factors) was based on reviewing many different studies [42–52] that have dealt with de-
veloping users’ satisfaction and efficient FM in various regional contexts. This review
made it possible to identify some limitations and advantages. Based on these limitations,
and lacking some of the important attributes, a list of attributes was assembled that were
considered to have a significant impact on the users’ perspective in SFM and that can help
to assess the users’ perspective based on the three pillars of sustainability. Furthermore,
different interviews and questionnaires were conducted based on the developed list of
attributes. This step contributed to forming a hierarchy with which to make the final
modifications, resulting in the final list of attributes.

Many of the factors and sub-factors of sustainable buildings are linked to energy con-
servation, especially in terms of burning fuel for electricity with its associated greenhouse
gas emissions and their influence on climate change and global warming. Sustainable build-
ing design makes it possible to reduce energy consumption by proper building orientation
and siting, as well as by the sizing and placement of appropriate windows to reduce exces-
sive solar gain during summer months and heat loss during the winter months. Operational
energy consumption is extremely important, as a sustainable building may be occupied
for many years before any adaptations are made, and operational energy can substantially
exceed the construction energy and embodied energy levels. Specifying the use of building
materials that have low embodied energy and that do not include deleterious materials,
such as volatile organic compounds (VOCs) or formaldehydes, is key to both reducing the
overall energy consumption and for human comfort. These particular building materials
can adversely affect human health through allergic and sensitivity reactions, causing eye,
skin, and respiratory problems [53].

Furthermore, the factors and sub-factors should take into consideration the operational
phase of a sustainable building; thus, there is an emphasis on maintenance practices to
ensure that the principles of sustainability are routinely incorporated. Building services
and IEQ are important aspects of sustainable buildings due to their role in operational
energy consumption; for example, increased importance is being placed on adopting
natural ventilation over air conditioning systems. An important theme in the uptake of
sustainability in sustainable buildings is to maintain and increase sustainability while
maintaining and enhancing the comfort levels of the buildings’ users. Finally, transport-
related emissions should also be considered. For example, transport emissions typically
account for one-quarter of Australia’s total greenhouse gas emissions, and therefore any
reduction in these emissions would be a significant contribution to Australia’s total emission
levels [54]. Sustainable buildings can encourage occupants to use public transit systems
such as trains, subways, trams, or buses, as credited under the rating tools, and they can
encourage active transport such as cycling by incorporating amenities including showers
and secure, weather-protected bike racks. In summary, a number of factors affect FM in
sustainable buildings. The first challenge is to identify all the factors and sub-factors that
affect the assessment procedure of FM from the users’ perspective. Table 1 presents the
factors and sub-factors of FM assessment from a user’s perspective, where twenty-six sub-
criteria have been identified and grouped into four groups:

1. Thermal comfort and air quality.
2. Aesthetics, amenities, and upkeep.
3. Design and flexibility.
4. Lighting and acoustics.
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Table 1. The four main factors and their sub-factors in user’s perspective assessment.

Factors Sub-Factors

Thermal comfort and air quality

A heating/cooling system responding

Functions at a comfortable humidity

Feels well ventilated

How much control users have over their environment

Functions at a comfortable temperature

Aesthetics, amenities, and upkeep

The flexibility of the spaces

Conversational privacy in the office

The circulation of the building

Interaction with different colleagues

Ability to meet needs

Openness and views to outside

Design and flexibility

Visually appealing

Tidy in appearance

Containing up-to-date IT services

Having good quality common amenities

Having enough storage at their desk for personal items

Degree of noise

Lighting and acoustics

Good distribution of sound to all the space

Proper reverberation times throughout all frequencies

Natural sound diffusion and envelopment

A sense of intimacy for the audience

Brightness

Contrast

Glare

Diffusion

Color

4.1.1. Thermal Comfort and Air Quality

Thermal comfort is a condition of mind that expresses satisfaction with the local ther-
mal environment. Due to its subjectivity, thermal comfort is different for every individual;
it is maintained as the heat generated by a body’s metabolism is allowed to dissipate at
a rate that maintains thermal equilibrium within the body. Any heat gain or loss beyond
this equilibrium leads to substantial discomfort. Essentially, to maintain thermal comfort,
heat produced must equal heat lost. It has been long recognized that the sensation of
feeling hot or cold is dependent on more than just air temperature [28]. It embraces five
sub-factors as follows: First, a responsive heating/cooling system (RHCS) that provides a
control framework should regulate the operation of the warming/ventilating framework.
Second, how well an area is maintained at a comfortable humidity (CH) level, which can be
defined as the water vapor portion of air that can be used for condensation, communicated
as a rate. Third, how well ventilated (WV) does the air seem, i.e., are users provided
with adequate ventilation while preventing the amassing of critical amounts of vapor–air
mixtures over one-fourth of the easily combustible limit. Fourth, how much control do
users have over their environment (CU), i.e., to what degree has a method been designed
so that that an individual can manipulate and adjust appliances within their work or living
spaces. Fifth, to what degree can a comfortable temperature (CT) be maintained, which can



Sustainability 2022, 14, 9955 8 of 26

be determined as a maximum of 78 ◦F (summer), a minimum of 68 ◦F (winter), and relative
humidity (RH) of 30–60%. Ideal conditions are temperatures between 68–78 ◦F and 45%
RH year-round.

4.1.2. Aesthetics

Excellence and taste are philosophical concepts. These can be closely identified with
theories about art, and as such are concerned with how symbolization and ideas translate
into expectations [55]. It is very important that aesthetics be considered as one of the
sustainability factors. Due to this, sustainability warrants an aesthetic philosophy and such
a theory must be comprehended with respect to how facility management is planned, and
it should be made with a specific end goal to accomplish the execution results that are the
premise of manageability. Setting up manageability as tasteful inspiration driving building
configuration will be the premise of another worldview for facility management.

Aesthetics embraces six sub-factors as follows. First, the flexibility of the spaces (FA),
which means that there is a method for innovative organizational improvement, including
allowing freelancers to plan the use of such spaces. Bringing adaptability into physical
space management could allow them to shrink or expand according to work needs [56].
Second, assuring conversational privacy (CP) in the office is a key aspect that offers users
a feeling of security. This CP is often linked to a defined physical space. Third, building
circulation (BC), which refers to how people move throughout a building, including how
BC allows for more interaction and cooperation. Fourth, the conditions for interaction with
different colleagues (IDC), which refers to how the design plan helps to create opportunities
for realistic interaction among a variety of colleagues. These can include work and break
times, socializing and eating areas, and even recreational and physical training facilities.
Fifth, there is a measure of a building’s ability to meet needs (AMN). The last factor is
the degree of openness and access to outside views (OV), which rates the openness of the
spaces in terms of natural light as well as fresh air.

4.1.3. Design and Flexibility

Design and flexibility are utilized to implement different qualities in building frame-
works. In the field of designing frameworks, this addresses all the plans that might need
to be adjusted when outer progressions happen [57]. It is a very important factor to be
considered as one of the sustainability factors that affect a user’s perspective because of
the role of the adaptability of buildings in facilitating a realistic response to the challenges
of the user’s perspective. A building has flexible design in order to respond to changes of
user perspective so that it can better reflect their perspective and so that it will make the
building interact more with users.

It embraces six sub-factors as follows: First, is it visually appealing (VA), which is a
rating based on the reasons for a user’s interest in, and alternately gravitation towards,
utilization of the separate spaces. Second, is it tidy in appearance (TA), which emphasizes
the need to offer simple, serene, and systematic spatial courses of action, made easier by
uncluttered spaces. This aspect also includes rearrangements of the inner portions for a
purpose that makes it possible to achieve some crucial quality, and to avoid lavishness.
Third, does it contain up-to-date IT services (CITS), which can be considered as the degree
of being dependent upon the dates of all the provisions from claiming office to overseeing
the economy. This aspect also refers to protecting various structures in the management
and streamlining areas. CITS may further imply keeping attackers from claiming or having
access to the majority of the data and fabrication procedures. Fourth, does it have good
quality (GQ) common amenities that help users in many ways, such as library resources
or sports facilities offered for users’ convenience, enjoyment, and sometimes for personal
solace. Fifth, is there enough storage (S), which means that users have enough personal
storage at their desk (either below their desk’s mobile cabinet or in below-desk storage
for personal emergencies) and in lockers (on-floor lockers for personal items and storage,
nearby shower facilities and storage for clothing and personal hygiene items); on-floor team
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storage (lockable cabinets, shared high-density storage); and central in-building storage
(central file and records storage for the agency, often managed by a records team, as well as
on-site storage of archive material, records, and files).

4.1.4. Lighting and Acoustics

Lightning and acoustics are the science and engineering aspects of achieving good
sound and lighting within a building [58]. These embrace seven sub-factors which are listed
below. First, assuring good distribution of sound to all of a space (GDS), defined as a system
that office administrators undertake after enriching the caliber of sound dissemination
inside diverse spaces in structures. Second, proper reverberation times (PRT) throughout
all frequencies, which is part of the study of room acoustics/resonation influences and for
which the best approach is via space resonance. A helter-skelter resonation time could result
in a space that is noisy and/or not conducive to normal conversation. In a room full of
reverberation, a helter-skelter resonation occurs, making reasonable discourse difficult and
muted. Rooms intended for discourse are therefore commonly designed for low resonation
time: ≤1 s. Third, natural sound diffusion and envelopment (NSDE), which we understand
as a measure of how individuals should experience indoor sounds. This aspect begins with
the configuration plan (architectural determinism), as social sciences have been used to
evaluate how humans are profoundly affected by their surrounding spaces. The fourth
aspect is brightness (B), based on visual observation and which evaluates how well light
is reflected and perceived, inspired by the luminance of a visual target, but not in direct
proportion to luminance. Fifth, contrast (CON), which is the distinction over luminance
or color that makes an item (or its representation in a picture or display) recognizable.
The sixth aspect is glare (G), a phenomenon that makes it difficult for people to perceive
their desired views, often under strong light for example, such as reflected daylight or the
light from auto headlamps at night. Diffusion (D) indicates the level of light dispersion
(light diffusion), essentially diminishing glare. The eighth and last aspect is color (COL),
which not only indicates the color but also includes how each color influences human
temperament. Light treatment investigations have discovered that distinctive light shades
influence moods and heart rates and even circadian rhythms.

4.2. Weight Interpretation

In this step, N number of criteria “i” and “ni” number of sub-criteria “k” associated
with each sub-criterion were identified from previous research and interviews with sus-
tainability experts and FM personnel. Questionnaires were not distributed to users to
determine the criteria or to determine their degree of importance, because often the user
does not have enough experience to determine what he wants accurately, which will make
it more difficult to determine these criteria. In contrast to the experienced managers of
educational facilities, who have considerable experience through contact with the users,
Paul [59] concluded that if users do not live with designs, which would allow them to
understand sufficient detail of any design, their comments on those designs may not be in
depth and cannot be built upon due to their lack of experience with them. This is unlike
specialists in facility management, who have sufficient experience to read and analyze
user behaviors in systematic and scientific ways to try to understand the problems and
behaviors. Thereafter, two sets of fuzzy-based questionnaires were distributed among
experts in sustainability and in the FM perspective. To determine the importance of each
factor, each expert “j” was asked to evaluate the importance of each sub-criterion with
respect to its parent criterion using a fuzzy, set-based pairwise comparison on a three-state
importance scale: less important (LI), equally important (EI), or more important (MI). Each
state is represented by a fuzzy membership function. Figure 2 shows an example of this
3-state fuzzy membership function that can be used to evaluate the relative importance of
each sub-criterion with respect to their parent criteria.
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It should be noted that the fuzzy expert system (FES) is organization-dependent,
which means that each organization builds their own FES based on their sustainability
practices. Pairwise comparisons were made by experts and FM practitioners to evaluate the
importance of criteria with respect to the users’ perspectives. After the pairwise comparison,
a set of matrices that reflect the experts’ opinions regarding the criteria and sub-criteria
were generated, as shown in Equation (1):

Ã =

 c̃11 · · · c̃1m
...

. . .
...

c̃m1 · · · c̃mm

 (1)

The fuzzy analytic network process (FANP) is then used to calculate the fuzzy im-
portance factor (IFc) of each criterion (c) and the weight (Wsc) of each sub-criterion (sc).
After each of the matrices has been resolved, the output of this step are two vectors that
represent the fuzzy importance factors and the fuzzy weights of the criteria and sub-criteria,
respectively. These importance factors and weight vectors are represented by Equations (2)
and (3), respectively:

C̃ =
[
ĨFc1 . . . ĨFcN

]
(2)

S̃Ci = [ W̃Sc,1 . . . W̃Sc,ni
] (3)

where C represents the vector of importance factor (IF) of criteria (c), Sci represents the
vector of sub-criteria weights with respect to the criterion “i”, N represents the number of
criteria, and ni represents the number of sub-criteria with respect to criterion “i”.

4.3. Evaluation of Criteria and Sub-Criteria

In this step, fuzzy systems were generated using the opinions of experts and FM
practitioners to represent the user perspective criteria with respect to each criterion and sub-
criterion. In other words, this process determined the circumstances in which a user will be
considered satisfied with each criterion. The data were collected using a questionnaire that
investigates user perspective regarding each criterion and sub-criterion. Each user evaluates
their own perspective on the sustainability attributes of the building. Their evaluations are
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based on a five-point Likert scale with the following responses: (1) Very Unsatisfied (VU);
(2) Unsatisfied (U); (3) Medium (M); (4) Satisfied (S); (5) Very Satisfied (VS). Similarly, an
overall user perspective scale is generated to represent the user’s perspective regarding
the sustainability of a building. The OUPS is useful for evaluating the sustainability of a
building based on its set of criteria and sub-criteria. It should be noted that an OUPS must
be generated for each type of building (e.g., commercial, educational, etc.). Figure 3 shows
an example of a 5-state fuzzy system that reflects temperature comfort and indicates how
the generated fuzzy systems represent the user’s perspective with respect to each criterion
and sub-criterion. Similarly, an overall user perspective scale is generated to represent the
user’s perspective with respect to the sustainability of the building being considered. The
OUPS is useful for evaluating the sustainability of each building based on its respective
set of criteria and sub-criteria. Figure 4 shows an example of an OUPS that represents the
overall perspective scale in industrial buildings. It should again be noted that an OUPS
needs to be generated for each type of building (e.g., commercial, educational etc.). Table 2
records the thresholds of the overall user perspective scale for industrial buildings. Figure 5
depicts the OUPS for commercial buildings. It is demonstrated that the OUPS of industrial
buildings is very different from the one for commercial buildings.
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4.4. User Perspective Index

A model database was generated to store the data input of the weights for each
criterion and sub-criterion, as well as the fuzzy systems representing the user perspective
regarding each criterion and sub-criterion. After the database was generated, the model
was ready to be implemented for evaluating the user perspective regarding a specific type
of building (i.e., residential, commercial, educational, etc.). However, since the criteria of
user perspective regarding sustainability largely depend upon a building’s type, a similar
model development procedure will be used to generate the data input for each type of
building to be stored in the model database.
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Table 2. Description of the OUPS for industrial buildings.

Label Correction Action Categories Users Perspective Thresholds

Very Unsatisfied Absolutely necessary to take corrective action(s) X ≤ 1.5
Unsatisfied Necessary to take corrective action(s) 1.5 < X ≤ 3.5

Medium High priority to take corrective action(s) 3.5 < X ≤ 6.25
Satisfied Unnecessary to take corrective action(s) 6.25 < X ≤ 7.5

Very Satisfied No corrective action is required X > 7.5
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The assessment process starts first with the perspectives of users regarding each sub-
criterion. The linguistic evaluations of users collected in the first step were converted
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into numeric fuzzy membership functions using the scheme designed by experts and FM
practitioners in the previous phase. Each sub-criterion (sc) received N numeric fuzzy
memberships

(
f̃sc

)
i

evaluated by the users (i = 1 . . . , N users) of the building. The
user perspective regarding the sub-criteria being considered was calculated using fuzzy
arithmetic, as presented in Equation (4).

f̃sc =
i=Nusers

∑
i=1

(
f̃sc

)
i

(4)

where f̃sc represents the fuzzy membership function of sub-criteria (sc),
(

f̃sc

)
i

represents
the fuzzy membership function of sub-criteria evaluated by users “i”, and N represents the
number of users who participated in the evaluation process.

The second step is the assessment of user perspective with respect to criteria. A
fuzzy membership function that represents the evaluation of each criterion was generated
using the fuzzy evaluations and fuzzy weights of its respective sub-criteria, as presented
in Equation (5).

f̃c =
j=Nsc

∑
j=1

W̃sc × f̃sc (5)

where W̃sc represents the weight of sub-criterion “sc” with respect to criteria “c”, f̃c denotes
the fuzzy memberships of user perspective regarding criterion “c”, and Nsc is the number
of sub-criteria (sc) affecting the criterion “c”.

The third step is the assessment of user perspective with respect to building sustain-
ability (BS) and it is calculated as the sum of all the fuzzy memberships of sustainability
criteria (f̃c) multiplied by their respective fuzzy importance factors (ĨFc). The fuzzy mem-
bership function that represents the user perspective with respect to BS is calculated
using Equation (6).

BS =
k=Nc

∑
k=1

ĨFc × f̃c (6)

where Nc is the number of criteria affecting the building sustainability.
After calculating the fuzzy building score (BS), the agreement indices (AI) for each state

of the overall perspective scale of this type of building are calculated using Equation (7).

AI
(

B̃S, ÕUPSm

)
=

Area
(

B̃S∩ ÕUPSm

)
Area

(
ÕUPSm

) , m = VU, U, M, S, VS (7)

where B̃S is the fuzzy membership of the building’s score, ÕSSm is the state m in the overall
perspective scale, and VU, U, M, S, and VS represent the five states of the OUPS.

The user perspective sustainability level (SL) is determined as the OUPS state (m) that
has the maximum agreement index with the BS score, as presented in Equation (8).

SLk =



VeryUnsatisfied, if
m=5
∨

m=1
AI(BS, OSSm) = AIVU

Unsatisfied, if
m=5
∨

m=1
AI(BS, OSSm) = AIU

Medium, if
m=5
∨

m=1
AI(BS, OSSm) = AIM

Satisfied, if
m=5
∨

m=1
AI(BS, OSSm) = AIS

VerySatisfied, if
m=5
∨

m=1
AI(BS, OSSm) = AIVS

(8)
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where SLk represents the perspectives of users regarding sustainability at level “k”. The
perspective level can be measured at the sub-criteria (k = sc), criteria (k = c), and building
(k = b) levels. If SLk ∈ {medium, satisfied, very satisfied} then the sustainability of the
building being considered satisfies the user sustainability level (SL) and there is no need to
upgrade that building’s sustainability. Otherwise, the sustainability of the building being
considered needs to be upgraded using one or more sustainable technologies.

5. Data Collection

There are a considerable number of specialists in the FM field in Canada. Be that as it
may, the correct number of those FM specialists is difficult to determine. Along these lines,
when the sample size is to be chosen, two components ought to be mulled over: degree
of confidence and margin of error. The degree of confidence speaks to the level of correct
outcomes that will be acquired from the questionnaire survey. If the degree of confidence is
90%, this implies the genuine outcomes of various examples. The margin of error speaks to
the passable errors that can be obtained from the sample results. Hence, the greater the
margin of error, the less confidence there is in the experiment or in the results out of the
sample. The population size of facility management experts was assumed to be 150 and
the sample size was selected to be 100 [60].

A questionnaire survey was designed to find the relative importance weights of
factors and sub-factors. In the first part, the respondents were asked to enter some general
information that indicates his/her profession and years of experience, which helps in
assessing the reliability of the answers. The second part of the questionnaire requests a
pairwise comparison of the various factors and sub-factors. Figure 6 shows how these
respondents are asked to indicate the degree of importance of each of the four criteria
with respect to the overall assessment of the users’ perspective. In the same part of the
questionnaire, the respondents are also asked to enter the degree of importance of each
sub-factor concerning the criterion it represents, based on their own experience in the
field. The pairwise comparison matrices were carried out based on a nine-point preference
scale [61]. The mean of the responses was then calculated to estimate the conversion scale
utilized to transform the data from a linguistic scale into a triangular fuzzy number. A total
of 100 specialists with experience in building, construction, and sustainability fields, along
with 120 sustainable building users, were reached by email and asked to fill out the survey.
We received the following numbers of completed surveys: 25 respondents among the FM
experts (25 %), and 40 respondents who were building users (33%). Figure 7 shows the
diversity of respondents for both groups of the study sample, the building experts and the
users of the building case study.
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With regards to developing the OUPS, its questionnaire underwent many modifica-
tions to modify the time required to respond so that it can be taken in 10 to 15 min. In
addition, how the questions were developed in the questionnaire was adjusted several
times to achieve the optimal clarity, directness, and reliability. One hundred experts in the
FM, construction, and sustainability fields were contacted by email with 25 for each type
of building (commercial, residential, industrial, and educational) and asked to fill in the
questionnaire. The survey requests that the FM experts suggest ways to update buildings
to become sustainable buildings and to develop an OSS for FM with which to assess and
enhance the sustainability of existing buildings from the user’s perspective in commercial,
residential and industrial buildings. These 100 FM experts had different levels of expe-
rience in updating buildings from conventional to sustainable, with randomly selected
participants for each type of building. The experts were asked to identify the OUPS from
the user’s perspective on the basis of a five-point Likert scale: Very Unsatisfied, Unsatisfied,
Medium, Satisfied and Very Satisfied [from 1 (very dissatisfied) to 5 (very satisfied)] as
shown in Figure 8. The average OUPSs using the five-point Likert scale were calculated for
each type of building. Respondents were categorized into one of the following three main
groups on the basis of their number of years of experience (less than 5 years, between 5
and 15, or more than 15), their level of education (Bachelor, Masters, or PhD), and whether
they had upgraded a sustainable rating system (LEED, Green Globes, or BREEAM).
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6. Model Implementation

The John Molson School of Business Building (MB) was selected as a certified LEED
building to validate the developed user perspective assessment model. It is one of the
major buildings at Concordia University in Montréal, Quebec, Canada. It was awarded
silver level certification by the Canada Green Building Council. It is a 37,000-square-meter,
15-story building boasting a unique design that incorporates splendid atriums, up-to-date
classrooms, a few systems administration spaces, a 300-seat auditorium, six amphitheaters,
and two storm cellar levels connecting it with neighboring structures, as well as access to
the metro network [62]. The building’s southwest sidewall is considered one of the first
solar walls in the world. This solar wall allows the building to create more than 25 kW of
electricity and 75 kW of heat. This amount of energy is sufficient to turn on 1250 CFL light
bulbs and provide heat for seven Canadian homes for one year [62].

Table 3 displays categorization for the 25 respondents entitled to assess the OUPS
in educational buildings. It reports their years of experience, education level, and the
sustainable rating system according to which each expert updates the buildings they assess.
Figure 9 shows a representation of the triangular fuzzy number of the OUPS. Table 4 reports
the boundaries and significance of each respective range in the OUPS. If the overall user
perspective index is less than 2.5, this corresponds to the “Very Unsatisfied” level. If it is
between 2.5 and 5.75, this corresponds to the “Unsatisfied” level. “Medium” satisfaction
occurs when the user perspective index is between 5.75 and 7.5, while the “Satisfied
“category takes place when the user index is between 7.5 and 9.25. The users are very
satisfied when the user perspective index is more than 9.25. It was found that 60% of
the FM experts said that, if the overall user perspective scale scores are in the unsatisfied
level or below, then the building is considered an unsatisfactory building from the user’s
perspective. However, 24% and 16% of the FM experts said that the medium and satisfied
levels, respectively, indicate that a building is considered unsatisfactory from the user’s
perspective. As a result, the unsatisfied level and lower is considered the minimum level of
user satisfaction in educational buildings that requires an update.
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Table 3. Categorization of respondents for the educational building questionnaire.

Experts Experience (Years) Occupation Level of Education Sustainable Rating System Feature

1 8 Electrical Master LEED
2 4 Civil Master LEED
3 2 Mechanical Bachelor Green Globes
4 7 Architect Bachelor LEED
5 6 Civil Master Green Globes
6 4 Electrical Master LEED
7 3 Electrical Bachelor LEED
8 2 Architect Bachelor BREEAM
9 7 Architect Master LEED

10 4 Mechanical Bachelor BREEAM
11 15 Architect Master LEED
12 6 Civil Master Green Globes
13 6 Mechanical Master Green Globes
14 8 Architect Master LEED
15 4 Electrical Master Green Globes
16 2 Architect Bachelor LEED
17 17 Architect Master Green Globes
18 6 Architect Master LEED
19 3 Electrical Bachelor LEED
20 4 Architect Master Green Globes
21 7 Architect Bachelor LEED
22 5 Mechanical Master BREEAM
23 3 Civil Bachelor LEED
24 16 Architect Master LEED
25 7 Electrical Master LEED
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Cronbach’s alpha test [63] was applied to scrutinize the internal consistency and
reliability among the relative importance responses provided by the experts. Table 5 reports
the results of the reliability analysis based on Cronbach’s alpha test. It can be noticed
that all the values of Cronbach’s alpha are above 0.7, thus the data collected from the
pairwise comparison entries is considered as reliable [64,65]. Meanwhile, computing the
relative importance weights of criteria and sub-criteria, the limited matrix was calculated
by raising the weighted super matrix to a large power in a continuous process, until
one output matrix equals the one preceding it. This limited matrix calculation process
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was performed using Microsoft Excel, which multiplied the weighted super matrix up
to 256 times by itself until the numbers started to be stable. In terms of thermal comfort,
Table 6 shows the relative importance weights of factors and sub-factors. It is indicated
that thermal comfort (41%) is the most important factor, followed by aesthetics (22%), and
then design and flexibility (21%), while the factor of lighting and acoustics (16%) had the
least relative importance. At the level of sub-factors, it can be noted that the sub-factor
of functions at comfortable humidity (14%) exhibited the highest level of importance,
followed by responsive heating/cooling system (11%) and then feeling well-ventilated
(7%), followed by degree of noise, ability to meet needs, openness and views to outside,
brightness, contrast, glare, diffusion and color (1%). Table 7 shows the decision scores for
the factors and sub-factors and indicates that when a factor or sub-factor is scored at level
“U” or less, it is considered to be unsatisfactory. Table 6 indicates that within the thermal
comfort category, three sub-factors were unsatisfactory according to the users’ perspectives:
a responsive heating/cooling system, feeling well-ventilated, and how much control users
have over their environment. However, in the lighting and acoustics category, most sub-
factors were unsatisfactory from the users’ perspectives except for proper reverberation
times throughout all frequencies, brightness, and colors. The user perspective index is
computed capitalizing on the integration of the weights of the factors and sub-factors
alongside the scores obtained for the building for each factor and sub-factor. It was found
that the John Molson School of Business Building obtained an overall user index of 5.718,
which corresponds to an unsatisfactory level of satisfaction, which implies the necessity of
taking corrective actions.

Table 4. Description of the OUPS for educational buildings.

Label Correction Action Categories Users Perspective Thresholds

Very Unsatisfied Absolutely necessary to take corrective action(s) X ≤ 2.5
Unsatisfied Necessary to take corrective action(s) 2.5 < X ≤ 5.75

Medium High priority to take corrective action(s) 5.75 < X ≤ 7.5
Satisfied Unnecessary to take corrective action(s) 7.5 < X ≤ 9.25

Very Satisfied No corrective action is required X > 9.25

Table 5. Reliability analysis results of user’s perspective attributes.

Main Attribute Cronbach’s Alpha

Thermal comfort and air quality 0.85
Aesthetics, amenities, and up-keep 0.83

Design and flexibility 0.86
Lightening and acoustics 0.85

In the absence of an integrated user’s perspective assessment tool that assesses the
user’s perspective of buildings, the procedures generated by Eweda [66] were utilized as a
validation tool for the proposed research methodology. Eweda’s [66] validation tool can be
classified into six categories, as shown in Moody et al. [67] and as shown in Figure 10a. The
validation was performed via a meeting with university facilities management staff and
sustainability specialists. From the sample that was selected, 10 of them had participated
in the previous evaluations and 11 of them had not participated, to ensure impartiality, as
Figure 11 shows. Considering this chosen approach, it ensures impartiality and also shows
if there are any differences in the validation results between the two groups. The reason
that users do not participate in the model validation survey is that they often have difficulty
deciding what to choose, especially since it needs professionals with great experience and
practice to determine this. The meeting began with an introduction outlining the goals of
the investigation, including the user perspective assessment tool and the calculation of its
output. The introduction was followed by a question period where the FMs asked about
the inputs and yields of the user’s perspective evaluation. All the information needed
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to evaluate the model was presented to the FM directors to obtain their feedback on this
proposed evaluation technique, as well as to show the model’s performance (outlined
in Figure 10). The FM reviewers made their assessments based on six quality terms,
from “doesn’t meet expectations” to “exceptional”. The information collected from these
managers was analyzed to assess the technique and its potential for future use. After its
implementation, all six criteria scores obtained a score of at least 70%, and the model’s
“perceived usefulness” achieved the highest score at 80% (as shown in Figure 10).

Table 6. Description of the OUPS for educational buildings.

Factors Weight Sub-Factors Weight

Thermal comfort and air quality 41%

Responsive heating/cooling system 11%
Functions at a comfortable humidity 14%

Feels well ventilated 7%
How much control users have over their environment 4%

Functions at a comfortable temperature 5%

Aesthetics, amenities, and up-keep 22%

Visually appealing 6%
Tidy in appearance 5%

Containing up-to-date IT services 4%
Having good quality common amenities 3%

Having enough storage at their desk for personal items 3%
Degree of noise 1%

Design and flexibility 21%

The flexibility of the spaces 6%
Conversational privacy in the offices 7%

The circulation in the building 4%
Interaction with different colleagues 2%

Ability to meet needs 1%
Openness and views to outside 1%

Lighting and acoustics 16%

Good distribution of sound to all the spaces 4%
Proper reverberation times throughout all frequencies 3%

Natural sound diffusion and envelopment 2%
A sense of intimacy for the audience 2%

Brightness 1%
Contrast 1%

Glare 1%
Diffusion 1%

Color 1%

Table 7. The satisfaction levels of the factors and sub-factors.

# Factors Decision Score (SL) Sub-Factors Decision Score (SL)

1 Thermal comfort U

Responsive heating/cooling system U
Functions at a comfortable humidity M

Feels well ventilated U
How much control users have over their environment U

Functions at a comfortable temperature M

2
Design and
flexibility M

Visually appealing S
Tidy in appearance S

Containing up-to-date IT services S
Having good quality common amenities S

Having enough storage at their desk for personal items S
Degree of noise S

3 Aesthetics M

The flexibility of the spaces S
Conversational privacy in the offices S

The circulation in the building S
Interaction with different colleagues S

Ability to meet needs S
Openness and views to outside S
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Table 7. Cont.

# Factors Decision Score (SL) Sub-Factors Decision Score (SL)

4 Lighting and
acoustics

U

Good distribution of sound to all the spaces U
Proper reverberation times throughout all frequencies M

Natural sound diffusion and envelopment U
A sense of intimacy for the audience U

Brightness M
Contrast U

Glare U
Diffusion U

Color M
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7. Analysis and Discussion

The findings of this study are discussed here, addressing the previously raised ques-
tions: (1) Is it necessarily true that if a building is considered sustainable, its users will be
satisfied? and (2) How can the user perspective in sustainable buildings be assessed? A
conceptual framework is presented to highlight the important issues regarding SFM and to
discuss the usefulness of a structured methodological framework in analyzing a specific
aspect of SFM. To answer question 1, the theoretical focus of this study was to explore and
develop a model to determine the kinds of attributes that influence users’ satisfaction in
sustainable post-secondary educational buildings. When the methodology was applied to
a sustainable educational building (The John Molson School of Business Building, which
has a LEED silver level certification), the data collection revealed that the economic and
environmental aspects of SFM were strong predictors of the perceived importance of SFM.
However, the findings showed that while the building had been recognized as a sustainable
building, it did not achieve users’ perspective approval. The results revealed an MB user
perspective index of 5.718, with thermal comfort and lighting and acoustics receiving 44%
and 16%, respectively, as thesatisfaction levels. Therefore, it cannot be assumed that if
a building is considered sustainable, its users will be satisfied. Owens and Legere [68]
and White [69] have concluded that the understanding of what is a sustainable building
is still unclear and has to be investigated from different perspectives. Evidence for this is
that there is a wide range of definitions of sustainability [70–73] which has made many
researchers face a lot of confusion and uncertainty with the term sustainability [74,75]. The
activities of users inside buildings are very important and should be given considerable
attention by FMs, especially by incorporating the more complex behaviors of users when
upgrading. SFM requires more than the effective use of natural resources within an eco-
nomic framework. It must also include supporting users’ satisfaction so that the “human
resources” can contribute to rather than impede a building’s sustainability [76–82].

As for question 2, the criteria discussed earlier in the data collection section were
assessed for their importance for educational buildings’ user perspective [42–45,83,84].
Thermal comfort and air quality, aesthetics, design and flexibility, and lighting and acoustics
were ranked as being the top five problem areas from the educational building-related user
perspective [85], and some of these are also connected to building-related illnesses. Failure
to achieve users’ thermal comfort in educational buildings is a serious problem that could
lead to employee absenteeism and lower productivity. The OUPS can vary according to a
building’s function. Based on the OUPS for educational buildings, 60 % of the FM expert
respondents stated that if the OUPS scores are at the unsatisfied level (U) or below, then
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the building is considered unsatisfactory according to the users’ perspectives. However,
these scores might be acceptable in other types of buildings, such as commercial, industrial,
and residential buildings. Consequently, it appears worthwhile to evaluate the different
levels of OUPS according to building type in order to represent the user perspective with
respect to the sustainability of the building being considered, i.e., to determine under which
circumstances should the user perspective be considered as satisfied with respect to each
criterion. The OUPS is a useful tool for evaluating the sustainability of each type of building
based on its respective set of criteria and sub-criteria that reflect the users’ perspective.

8. Conclusions

This work developed an integrated sustainable assessment for post-secondary edu-
cational buildings based on a user perception scale and index. This framework considers
the factors and sub-factors that affect user perspective, in particular: (1) thermal comfort
and air quality; (2) aesthetics, amenities and upkeep; (3) design and flexibility; and (4)
lighting and acoustics. A case study of the John Molson building at Concordia University
in Montreal, Quebec was used to implement the proposed model. The building’s data
was gathered and presented to FM experts and professionals with relevant FM knowledge.
The MB building was assessed to determine the impact of weighting and local context on
user perspective assessment. The weighting method was generated using the fuzzy ANP.
This research revealed the differences in the weights for each user’s perception assessment
attribute (i.e., the factors and sub-factors) for each type of building, in this case, 40 % for
thermal comfort, 22 % for aesthetics, 21 % for design and flexibility, and 16 % for lighting
and acoustics. Using these weights, we were able to calculate the second tier, or the building
index. For our case study involving a sustainable post-secondary educational buildings,
the user perspective building index was 5.7, which reveals that the building is located in
the unsatisfactory zone. Therefore, the building requires an upgrade. The BS will assist
facility management to highlight the weaknesses and strengths of their buildings based on
specific factors and sub-factors, and to identify the aspects to upgrade (or not) from the
users’ perspectives. The model thus allows FMs to assess users’ perspectives on sustainable
buildings by considering the four factors and their sub-factors via the introduced weighting
scheme. In order to do the upgrade, an optimization process with respect to budget and
time should be performed to optimize such allocation in order to achieve the best increased
satisfaction of users. The primary contributions of the present research study lie in the
following: (1) identification of the users’ perspective attributes that have a direct influence
on the users’ perspective in existing buildings, and (2) development of a comprehensive
weight-based user’s perspective model, which can be tailored to the building type (educa-
tional, commercial, industrial, or residential) of the assessed building through the weight
determination of each design attribute.

For future study, it will be better to expand the size of the samples used for both users
and FM experts. Also, it could include some other factors and sub-factors in order to have
comprehensive factors for everything related to users in sustainable educational building.
In addition, it will be better to suggest upgrade alternatives and associate them with cost
and time. The factors that cause user dissatisfaction should be identified, and each factor
or sub-factor that has a perspective level lower than medium should be considered for
upgrade. Dissatisfaction factors should link with a set of possible solutions to evaluate
and rank those solutions and select the highest ranked options. Two new terminologies
were introduced, the OUPS and the BS. These new terminologies express the relativity
of such assessments, that is, that the score of a building is based on a user perspective
assessment ratio that lies between the BS and the OUPS. This ratio provides a way to
integrate the entire user perspective assessment with the user perspective factors and their
sub-factors, combined with the maximum available dedicated score for each building type.
Combining the OUPS and the BS will give FMs the opportunity to customize the model
based on building type. This feature will help FMs to make better-informed decisions
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when upgrading buildings, as it will allow them to compare the user perspective in their
sustainable upgrade with the desired user perspective for that building type.
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