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ABSTRACT
This study aims to provide an overview of the building condition assessment at the facility
management stage in higher education buildings in Portugal. A questionnaire survey containing
188 questions was developed and was responded to by experts in the facility management
departments of 19 higher education institutions (HEIs) in Portugal. The data analysis, using
analytic hierarchy process, showed the difficulties related to the process of facility management
and building condition assessment and the experts’ preferences in building condition
assessment and facility management in Portuguese HEIs. Four building condition assessment
parameters were also evaluated. Although not representative of all HEIs in Portugal, the findings
indicate that there needs to be a significant change in the management of the HEI building
stock with the support of new digital technologies and the prioritization of preventive actions.
This unique view of facility management in Portugal provides useful pointers for facility
managers working in HEI in other (European) countries and has relevance to other building
typologies.

ARTICLE HISTORY
Received 8 October 2022
Accepted 11 April 2023

KEYWORDS
Building condition
assessment (BCA); building
inspection; analytic hierarchy
process (AHP); higher
education institutions (HEIs);
facility management (FM)

Introduction

When facing ongoing pressure to reduce operating costs
owners and asset managers may tend to look for savings
without caring about the long-term consequences. This
dynamic makes facility management (FM) a particular
target. Moreover, a reactive maintenance approach is
observed either in the management of a new public
building construction project or an existing building
stock. Khalid et al. (2019) revealed that a reactive main-
tenance management policy is a challenge to be faced in
public building maintenance management. The combi-
nation of design faults and ineffective building mainten-
ance procedures has brought hazardous and catastrophic
consequences to several government buildings. Thus, the
integration of a proactive maintenance policy should be
the highest priority for the maintenance of existing build-
ings and new ones too. Since the European building stock
is off-track to reach carbon neutrality by 2050, renova-
tion strategies are essential to provide opportunities to
companies and facility managers to explore the commit-
ment of FM and rehabilitation interventions with ser-
vices to streamline management and improve energy
performance (BPIE, 2014).

In Portugal, the buildings of higher education insti-
tutions (HEIs) are typically governed by a reactive main-
tenance strategy. Many of the buildings in the HEI
building stock present several problems. One of the
reasons why this has happened is the management
based on outsourcing services. Outsourcing aims to
reduce costs and increase quality (Tavares, 2009). How-
ever, the increasing use of outsourcing services often
leads to the reduction of quantity and quality of the ser-
vices, implying that the institution has lower control over
the delivery of maintenance management actions and the
state of the building stock (Ferraz, 2009). Another reason
is the lack of historical data about the building stock. The
data relating to several buildings, like design plans and
other details, were lost, and some buildings have copy-
rights by architects who do not want to disclose the infor-
mation. In addition, the current FM strategy appears to
be inefficient. The maintenance actions and their costs
are not organized by building, being grouped in a set
that does not allow having individual or building-specific
data. Additionally, the monitoring of energy, water and
material consumption is also difficult to access. There
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are also difficulties associated with public policies and
human resources, as well as internal processes involving
the management of the building stock. Therefore, this
research aims to provide a perspective of the facility man-
agers about FM and building condition assessment
(BCA) in HEI, as well as to evaluate parameters to
include in a quantitative tool to be employed in BCA
and FM practices.

The lack of knowledge about the status of facility
management in Portuguese public buildings often pre-
vents public and private institutions from monitoring
the progress of maintenance and building management
methodologies and processes. There is a lack of data
about the facility management procedures, difficulties
and needs of the FM practitioners, pronounced by the
lack of literature on the subject. The outcome of this
work will provide tools to HEI management using a
more efficient BCA and FM strategy.

Overview of facility management –
challenges, solutions and trends

Facility managers need accurate information to succeed,
and with their knowledge and expertise facility man-
agers can solve challenges today and be prepared to pre-
vent future issues (IFMA, 2022). The International
Facility Management Association (IFMA) in the USA
revealed that the lack of staff and finding qualified
employees are the biggest concerns of the professionals
in the sector (IFMA, 2022). Achieving sustainability in
the sector is also a concern. Adopting practices to
achieve carbon neutrality in the built environment,
achieve a smart use of water, energy and materials,
aligning those practices with the principles of fair
trade and adopting regulations and processes in the
operation of the organization are also challenges that
meet the environmental, social and governance (ESG)
investments. Also, in 2022 companies from the USA
(IFMA, 2022), Brazil (Junior & Freitas, 2022), Spain
(Governo do Reino de Espanha & Governo da Repúb-
lica Portuguesa, 2020), Portugal (República Portuguesa,
2020) and UK (UK Environmental Audit Committee,
2022) admitted being worried about the environmental
impact in the built environment, and cost control of FM
practices, as well as an understanding of the user’s needs
to adapt the facilities to address their demands along
with the challenges mentioned (Infraspeak, 2022).

In response to all those challenges, technology is men-
tioned as the solution and the future trend to serve and
enhance FM practice (Infraspeak, 2022). Big data and
data management, as well as artificial intelligence (AI),
are technologies allowing digitalized data to proceed to
smart building management. The Internet of Things

(IoT) uses sensors and network connectivity enabling
all devices and objects to exchange data and effectively
communicate with each other to prevent potential faults
and breakdowns. Also, augmented reality allied to IoT
can enhance remote maintenance work using digital
twins (IFMA, 2022; Oyarhossein, 2021). Automation
and robotics with AI, machine learning and IoT are
also mentioned since they can change FM practices;
mainly because of the multitask automation on FM.
However, the FM sector has always had challenges related
to maintenance backlogs, ageing infrastructure, rapidly
emerging technologies, achieving sustainable goals and
ensuring a skilled future workforce (IFMA, 2022).

Academic building stock – overview and
challenges

The building stock in HEIs is extensive, composed of
buildings with multiple specifications, which include sev-
eral materials and systems and access to data is often not
possible. Furthermore, publicly available reports of the
building maintenance management and past interven-
tions are not available. Beyond that, there is a lack of stat-
istics related to the building stock of higher education, as
well as FM tasks, challenges and difficulties. However,
decision-making depends on the practitioners, and it
can have consequences on durability and building life
span, built environment and user’s safety and comfort.
That is why transparent decision-making must be based
on statistical data and relevant information.

The National Statistical Institute (The Instituto
Nacional de Estatística I.P. INE in Portuguese) is the
central body for the production and dissemination of
official statistics in Portugal. As for construction and
housing, INE provides statistical results related to the
housing regular maintenance and repair prices index
and production factor (INE, 2018, 2020). However, it
does not present any information about the mainten-
ance of HEI buildings. PORDATA is another database
that presents statistics and aims to collect, organize, sys-
tematize and disseminate information on multiple areas
of society for Portugal, municipalities and European
countries. The statistics come from official and certified
sources, with information production competencies in
the respective areas. However, this website does not
include information about public building stocks, like
HEI. It is also focused on housing statistics, house life
conditions and buildings by their age of construction,
type and price (PORDATA, 2021).

Hauashdh et al. (2021) have highlighted some chal-
lenges to be faced during the practice of maintenance
works, pronounced by the lack of information, related
to the lack of accessibility of building components,
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which can be a safety risk even for future repair works
and the lack of maintenance planning during the design
stage. Also, the lack of training and technical resources
in terms of communication technology and the limited
human resources lead to inefficient repair and minimiz-
ation of user satisfaction in the building. As informed
and transparent decision-making must be based on stat-
istics, data related to tasks included in FM are essential
to proceed with clarified decision-making that can
determine the success or failure of buildings. These
data allow the development of the procedures of the
FM and BCA to enhance existing building FM practices
towards their successful implementation.

Due to the lack of data related to FM of the academic
building stock, a questionnaire was developed and
issued to the various national HEI’s in Portugal. The
research objectives were to (1) collect data about the
main difficulties facing facility managers of HEI and
(2) use the analytic hierarchy process (AHP) to provide
a set of preferences related to the quantitative measure-
ments that should be carried out during BCA, as well as
their relative importance. The originality of this work
consists of having decision-making support based on
the experts’ opinions related to BCA and FM of Portu-
guese HEIs.

Methods

Research by Shohet (2003) was fundamental to the
development of this research. Shohet evaluated the par-
ameters of ten building systems for hospital buildings,
and this was used as inspiration for the current research.
However, this research incorporated a new parameter in
addition to the one considered by Shohet (2003): the
degradation evolution, which replaced the frequency
of failures for some construction systems.

A questionnaire survey was designed and issued to
individuals in charge of facility management depart-
ments in 41 academic institutions in Portugal. The
methodology adopted is represented in Figure 1. The
number of users by each institution and the number
of buildings belonging to each institution are shown
in Table 1. The questionnaire was composed of three
facility management professionals skilled in academic

knowledge and with tactical and strategic experience.
Facility managers in charge of the University of Aveiro
building stock also helped in the development of the
questions to ensure that there was no ambiguity. The
questionnaire was developed using Google forms (Goo-
gle, 2023) with a total of 188 questions, and was issued
via direct contact with FM experts working in 41 HEIs.
This resulted in 19 completed questionnaires. The
respondents’ answers were subject to statistical analysis,
and the representativity of the answers was calculated to
justify how 19 answers can be representative of the
whole Portuguese academic building stock.

The subjective judgment obtained on the multiple-
choice responses was translated into preferences accord-
ing to the AHP method. Using this method, it was poss-
ible to understand which parameters BCA should
include for each construction system and which is the
relative importance of each parameter to be evaluated,
as well as, of each construction system to accomplish
the building performance of a higher education build-
ing. To clarify, a construction system is defined as a sys-
tem that results from the interaction of construction
objects organized to achieve specific purposes (ISO
12006-2: 2015).

Problem definition

Matos et al. (2021) applied a key performance indicator
(KPI) to evaluate building conditions and tested it in a
case study on a higher education building. The KPI
included the following parameters: evaluation of the
condition, frequency of failure and frequency of preven-
tive maintenance, whose importance was obtained and
adapted from (Shohet, 2003). This author used, evalu-
ated and validated those parameters for hospital facili-
ties. Therefore, the parameters’ test and evaluation
must be studied specifically for each building typology,
and there is still a lack of information about them at
HEIs, which is the intention of the current research.
Even though these parameters were considered as a
starting point for the questionnaire, one more par-
ameter was added to the study.

Data collection

BCA is a multidisciplinary survey that involves several
fields, in which its practices, difficulties and preferences
in the higher education building stock are essential data
to be shared and discussed. The questionnaire aimed to
understand experts’ preferences about four parameters
to be included in the BCA and the difficulties they
usually feel in facility management practice. Consider-
ing the size of the questionnaire and the complexity of

Table 1. Number of Portuguese academic institutions by type of
education institution and type of education (DGES – Direção
Geral do Ensino Superior, 2021).
Portuguese academic institutions

Portuguese academic institutions

Type of HEI Public Private

Number 41 64
Total 105
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BCA evaluations in large building stocks as a starting
point, just four parameters were considered:

(1) Evaluation of the current condition: Reflects the
deterioration of each system, in which its state of
conservation is evaluated, namely, the system’s per-
formance through the appearance of anomalies and
their degree of severity that may or may not have
implications for the safety and stability of the
building.

(2) The frequency of failure: Number of times the
anomaly appeared in a year.

(3) The frequency of maintenance actions and inspec-
tions carried out: Number of times maintenance
actions and building inspections were carried out
to a given building system in a year.

(4) Evolution of the anomaly extension: Reflects the
extension of the defect. Its quantification can be
expressed through the percentage of affectation of
the anomaly presented in the facade.

Although Matos et al. (2021) used three parameters
in their study, in the current article the evolution of
the anomaly was also added, which aims to contrast
with the frequency of failures. This contrast makes it
possible to understand which construction systems
should include the evolution of the degradation as a
BCA parameter and which ones should include the
frequency of failures, according to the expert’s
opinion.

This questionnaire is useful to understand the choice
on the evaluation of the degradation by the evolution of
failure assessment or by frequency of the failures, for
each construction system; understand the respondent’s
preferences about the importance of each parameter to
be considered in the BCA method; validate the relative
importance of the systems for higher education build-
ings and set conclusions about the difficulties that
experts in FM have been facing during their careers.
This information allows an overview of BCA prefer-
ences and difficulties felt by facility managers on HEI
building stocks.

Structure of the questionnaire

The questionnaire consisted of three parts and 188 ques-
tions. Part 1 with 10 general questions related to the per-
sonal information and 108 questions considered nine
construction systems and four BCA parameters (Part
2). The third part of the questionnaire was composed
of 70 questions, which measured the importance of
each construction system for the intended purpose of
the building (Part 3).

Part 1 collected respondents’ personal information,
including years of work experience, job level, nature of
the organization, type of employer and academic qua-
lification, as well as the type of their work (technical
or strategic). This information allowed inter-group
comparisons to be made when analysing the survey
data. Part 2 solicits the importance ratings of four
BCA parameters for each construction system on a
nine-point scale. It consists of multiple-choice questions
concerning the relative importance of some categories
over others. The parameters under evaluation are P1-
the building condition; P2 – the frequency of the main-
tenance activities to maintain the system; P3 - the fre-
quency of failures; P4 – the evolution of the extension
of the anomaly.

This makes it possible to conclude for each construc-
tion system: the parameter choice for the evaluation of
the degradation that will be included in the BCA evalu-
ation; the evolution of failure assessment (P4); or the
frequency of the failures (P3). The third part focuses
on the importance of each construction system in aca-
demic building typologies. This part is important to
set priorities according to the use of the space.

An example of the questions is shown in Figure 2.
To increase the level of representativeness of the

samples, FM practitioners with different organization
natures (public and private) were invited to participate.

Data characterization

Representativeness of the questionnaire answers

In Portugal, there are a total of 105 HEI, 41 from the
public type, as shown in Table 1. Considering the
sample size equation (Daniel, 1988; Naing et al.,
2022), it is possible to verify that the 19 respondents
provide a 90% of confidence level with a 19% error mar-
gin, which is acceptable for the objectives established in
this research. Table 2 presents the number of responses
by institutions by type of HEI. Some of the institutions
are university and polytechnic HEIs, which is the reason
why both types are accounted for in those two types of
the education system. Private institutions, such as HEI
L, have university and polytechnic education.

The academic institutions’ responses are discrimi-
nated in Table 3. The number of responses per HEI var-
ied, which is related to the size, structure and
organizations of HEIs, that in some cases have different
maintenance responsible for each campus or centralized
management for all the HEI. Although there are differ-
ent facility management strategies on the different HEI,
the answers did not go into this detail, however, can be
comparable at least by the different HEI’s dimensions.

4 R. MATOS ET AL.



The representativeness of the study was calculated by
means of the number of users of each institution (stu-
dents, professors and researchers and administrative
staff) as presented in Figure 3.

Information about the national number of students,
professors, researchers and administrative staff of HEI
was searched and gathered in Table 4. The comparison
between the numbers gathered in Figure 3 and the total
number of students and professors can support the
representativity of the questionnaire, because (1), the
facility managers have different experiences based on
the HEI they are representing and (2) their experiences
are influenced by the number of buildings they have to
manage and by the number of users of those buildings.

Table 4 makes it possible to verify the answers from
the questionnaire have a representativeness of 47%
when considering the total of students of the HEI in

Portugal. Despite getting just 19 answers, this represen-
tativeness can be justified by the number of users from
the HEI I, HEI B, HEI C and HEI A, which are impor-
tant samples to get a high level of representativeness
since they have a high number of users and large build-
ing stocks.

Characterization of the respondents

Respondents (the statistical units) were characterized by
their years of experience in facility management (Figure
4), type of experience (in the worksite or the office)
(Figure 5) and academic qualifications of each respon-
dent (Figure 6).

Most of the responses were given by people holding a
degree before the implementation of the Bologna declara-
tion (5-year graduation), as presented in Figure 6.

Figure 1. Workflow of the methodology.

BUILDING RESEARCH & INFORMATION 5



Reported difficulties

It was possible to establish several challenges experi-
enced by respondents during facility management,
building inspections and defect diagnosis of the aca-
demic building stock.

The challenge most highlighted by respondents was
the lack of qualified technical human resources, forcing
heavy dependence on outsourcing with high response
times for first-line maintenance. This point matches the
challenges reported by the members of the International
Facility Management Association (IFMA, 2022). This is
followed by insufficient funds for maintenance, human
resources and equipment, which are dependent on public
politics and internal processes, forcing the institutions to
use outsourcing on a reactive management basis. The sol-
utions are based on ‘patching up’ the problems/anomalies
that deserve more attention to be solved to avoid reoccur-
rences. However, in some cases, there are also impedi-
ments from internal politics/administration to the
contracting of the suppliers considered most suitable
for the maintenance actions. The respondents also
reported that there are too many unpredictable tasks

Figure 2. Example of the question for structure’s construction system.

Table 2. Cumulative number of answers to the questionnaire
according to type of institutions and type of education.

Type of answers to the questionnaire

Type of HEI Public Private

Type of education University Polytechnic University Polytechnic
Number 15 8 1 1
Total of responses 19

Table 3. Number of answers to the questionnaire by type of HEI.
HEI No. of answers Type of HEI Type of education

HEI A 1 University
Polytechnic

Public

HEI B 1 University Public
HEI C 2 University

Polytechnic
Public

HEI D 3 University Public
HEI E 2 University Public
HEI F 1 Polytechnic Public
HEI G 1 University Public
HEI H 1 University Public
HEI I 1 University Public
HEI J 1 Polytechnic Public
HEI K 1 Polytechnic Public
HEI L 1 University

Polytechnic
Private

HEI M 1 Polytechnic Public
HEI N 1 University Public
HEI O 1 University Public
Total 19
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due to the lack of a predictive and preventive mainten-
ance policy because there is a lack of human and techni-
cal means to comply with daily planning and requests.

For some institutions, the decision-making centred on
a preventive maintenance strategy as a cost-saving
measure rather than an investment.

The large scale and complexity of existing structures
and equipment is a reality of HEI building stocks and a
difficulty for facility managers. The lack of specific
equipment to do the building assessment causes
inadequate and poor prioritization of the interventions
and the preventive maintenance strategies, causing the
building condition to worsen.

Another challenge reported was the lack of as-built
drawings and registers of changes to the buildings.
Building information is lost over the years and no

Figure 3. The number of responses, users and buildings by each HEI that participate in the questionnaire.

Table 4. Representativeness of the study based on the number
of students included in each HEI that respond to the
questionnaire.

Representativeness of the questionnaire

Number of students included in higher academic
institutions that responded to the questionnaire

194,503 47.20%

Total number of students enrolled in higher education
(DGES, 2021)

412,000

Number of Professors and researchers integrated into
higher academic institutions that responded to the
questionnaire

17,296 47.42%

Total number of academic professors and researchers
(PORDATA, 2020)

36,473

Figure 4. Characterization of the sample interviewed by years of
experience.

Figure 5. Characterization of the sample interviewed by type of
experience.
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databases exist where the information related to the
buildings is stored. Furthermore, the maintenance
actions undertaken during the building life cycle are
disrupted, which makes the task of FM difficult, caus-
ing decisions and planning of maintenance actions;
resulting in errors and omissions that need to be
solved later during the work and which lead to
increased costs.

The facility managers also highlighted the lack of
databases of ratios of maintenance costs/m2 of gross
floor area, which leads to errors and extra costs that
do not match the planned maintenance actions. The
lack of specific legal requirements for maintenance,
statistics, databases and guidelines for building main-
tenance is also a factor that adds to the challenge of
providing adequate maintenance management for an
ageing building stock. Allied with that, the lack of
resources to address urgent and recurring anomalies
lead to a snowballing and catastrophic situation. Fur-
thermore, the facility managers are struggling to man-
age the unforeseen building anomalies with the
normal use of the building and outdoor spaces
because some maintenance works imply shutting
down the technical systems (telecommunications,
water and energy). It was also claimed that many
defects and anomalies that arise during the building
life cycle are the faults of the lack of concern in the
design of buildings (initial construction) for their
maintenance. However, the long service life of build-
ings (building stock over 50 years old), in which is
spent many resources and money (which is often not
available), justifies the initial investment in mainten-
ance management.

Respondents also reported difficulties during
building condition assessments. Their concerns

related to the complex and large-scale structures
with a lack of historical data because the final as-
built documents as well as the organized records of
maintenance interventions do not exist. Space acces-
sibility was also pointed out, making it hard to locate
technical installations and to carry out a full diagno-
sis. This is related to diagnosis in hidden installations
or involving work at height, where it is hard to gauge
the origin of problem, such as electric network fail-
ures. Additionally, the lack of awareness of mainten-
ance activities previously performed leads to
planning solutions that later turn out to be inap-
propriate, and result in extra costs and work. The
lack of human resources and equipment was also
reported as problematic since the lack of know-how
in specific maintenance activities leads institutions
to outsource. The difficulties related to the slowness
of public contracting and the lack of skilled internal
technicians exacerbate the building condition. This
information is supported by previous research (dis-
cussed earlier).

Based on the difficulties reported, future research
work intends to respond to these concerns by making
a BIM-based platform to record all the anomalies and
interventions performed in the building during its
building life cycle. This task will be supported by
employing a modified building condition indicator
that includes the evaluation of building condition, the
frequency of failure/ the evolution of the extension of
failures and the frequency of preventive maintenance
actions.

The relative importance of the parameters to
include in BCA

A first evaluation was conducted to understand the
preference of the respondents between the frequency
of failure and the evolution of the extension of failures
for each system. The preference between these two par-
ameters was analysed individually for each building
system, and the parameter considered most relevant
was obtained through the highest percentage of prefer-
ence by the respondents. It was found that for con-
struction systems (structure, exterior and interior
finishes, windows, roof, shadow systems) it was more
important to evaluate the evolution of the failure
than the frequency of failure. For equipment (electrical
system, HVAC and fire security system) it is the oppo-
site, see Table 5.

Being aware of the expert’s preferences related to the
parameter to the failure assessment for each construc-
tion system, the three parameters evaluated by experts
for BCA could be analysed using the AHP method.

Figure 6. Characterization of the sample interviewed by aca-
demic qualifications.
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Description of the analytic hierarchy process
(AHP)

Subjective judgment in BCA

Evaluation by its nature implies the use of the per-
sonal judgment of qualified experts because experts
must ultimately take professional responsibility for
the evaluation, so the requirements for evaluation
cannot be standardized (ASCE, 2014). Therefore,
sharing experiences, practices and difficulties is essen-
tial to progress in building evaluation, which is so
dependent on the experts’ judgment. The subjective
and qualitative answers to the questionnaire were
transformed into a numerical rank that indicated
the order of preference among them using AHP.
The condition rating that follows the building assess-
ment is used to objectively determine the current con-
dition of the building. A rating system that minimizes
subjective evaluation is repeatable and can be effec-
tively used to predict the building’s future condition
(Yacob et al., 2016).

The hierarchic structure of the AHP method

Pairwise comparisons are commonly used in multicri-
teria decision-making methods for prioritizing alterna-
tives. For prioritizing alternatives in decision-making
problems, Saaty (Saaty, 1977, 1980, 1987) proposed a
mathematical technique named analytical hierarchy
process (AHP), in which a pairwise comparison matrix
A is built to easily process relative comparisons data. It
allows the experts to evaluate the attribute weightings
with greater consistency through pairwise comparisons

and relies on the judgements of experts to derive pri-
ority scales. In AHP, all criteria or parameters are
assigned a weighted score that shows the importance
of each criterion. The AHP approach has been widely
adopted in the built environment fields as a decision-
making tool (Saaty, 1987).

The AHP was developed to model unstructured pro-
blems in which it is necessary to decide without having
an exact notion of the importance of the parameters
used.

The preferences of the decision-makers are given
through subjective judgments of the participants, mak-
ing them quantify their judgments according to the rela-
tive importance of the factors under analysis (Briozo &
Musetti, 2015). The relative importance (relative
weight) of each parameter within each construction sys-
tem was established using a square matrix structure. For
each parameter, the weight was calculated by the geo-
metric mean of values of questionnaire responses. In
using the AHP for prioritizing alternatives in a
decision-making problem, it is advised a hierarchic
structure to represent the alternatives of the problem
under study. The hierarchic structure of the problem
definition is represented in Figure 7. The hierarchic
structure of the decision-making.

AHP Model structure

. In terms of failure assessment, is parameter P4 – the
evolution of the anomaly extension more important
than parameter P3 – frequency of failures? Which
parameter should be included in the BCA evaluation?

. Which parameter (P1, P2, P3, P4) is considered more
important for each construction system?

Table 5. Parameters to be considered in BCA for each construction system.
Structure Ext finishes Int. finishes Windows Roof Shadow system Electrical system HVAC Fire security system

P1 – the building condition P1
P2 – frequency of the maintenance activities to maintain the system P2
P4 – evolution of the extension of the anomaly P3 – frequency of failures

Figure 7. The hierarchic structure of the decision-making.
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The survey asked respondents to compare the relative
importance of the parameters on a scale from 1 to 9,
according to the fundamental scale defined by AHP
(Saaty, 1977). The objective of using the AHP is to gen-
erate a pairwise comparison matrix A = [aij] of order n,
where n is the number of parameters (i, j = 1,… , n)
from which the parameters can be arranged hierarchi-
cally in terms of importance for the definition of the
weights. The matrix is positive and reciprocal, which
means the value of importance assigned to one
parameter i, when compared with parameter j, is the
reciprocal value assigned to j when compared with i
(i.e. aij = 1⁄aij). The number of judgments required is n
(n− 1)/2.

Definition of the weights and correction of
inconsistency

In mathematical methods and techniques for decision-
making using the pairwise comparison matrix A, a vec-
tor giving the priorities for the different alternatives is
defined and from it, a transitive pairwise comparison
matrix, free from inconsistencies, can be constructed.
Saaty (2003) proposed that the vector of priorities of
the alternatives is the right eigenvector of the matrix
A. The AHP allows for identifying the value of the
weights based on judgments. This process calculates
the weights by using the eigenvector associated with
the maximum eigenvalue of matrix A (Saaty, 1977).
The eigenvector calculation is the most appropriate
method to synthesize the set of pairwise comparisons
and obtain a vector of relative weights because it
makes use of all the dominance information given in
the matrix when it is not consistent (Heras, 2018). How-
ever, according to Saaty (1987), it is also possible to get
an approximation of the priorities by normalizing the
geometric means of the rows, for n≤ 3. Some authors
have been adopting this straightforward alternative to
solve several kinds of judgment problems (Costa,
2015; Crawford, 1987; Khalil et al., 2016; UKDCLG,
2009). As an example, Table 6 presents one complete
matrix of pairwise comparisons obtained from one of
the respondents of the survey.

The parameters under evaluation for HVAC are P1,
P2 and P3 are the under evaluation, which correspond
to P1 – Building condition, P2- Frequency of preventive

maintenance and P3 – Frequency of failures. The
numerical ranking of the alternatives/parameters that
establishes the order of preferences among the alterna-
tives is obtained from this matrix using the priority vec-
tor (Saaty, 2003). In the current research, the priority
vector was obtained by normalizing the geometric
means of the rows of each Matrix. This procedure was
followed for all answers to the survey, calculating the
vector of relative weights for each answer.

The consistency of the vector was checked following
the proposed approach by Harker (1987). Some answers
resulted in inconsistent matrices. Having a consistent
matrix does not mean that the answer is correct or clo-
ser to the ‘real’ life solutions. However, having a consist-
ent matrix means that the answers are closer to being
logically related than being randomly chosen. That is
why a method for correcting the consistencies devel-
oped by Saaty (2003) and used by Jarek (2016) was
employed. Figures 8–16 present the results analysis of
all the responses for each construction system. They
present the median value of the weights obtained by
all respondents for each parameter under evaluation,
the standard deviation (σ) and the coefficient of vari-
ation (CV). It also includes charts where the parameters
evaluated are represented by the average priority vector.

Analysis of the results

Analysing the vectors of the preferences
obtained by the AHP

The results from AHP implementation are the priority
vectors, which translate the preferences and the relative
importance of each parameter to evaluate the BCA for
each construction system. The results obtained provide
valuable data about preferences of the experts on three
parameters to integrate into a Building Condition Indi-
cator in the future. This indicator is essential to perform
an efficient BCA strategy and will support digital tools

Table 6. Matrix A of the HVAC, composed of a set of pairwise
comparisons from one of the respondents of the questionnaire.
HVAC P1 P2 P3

P1 1 8 8
P2 1/8 1 1/7
P3 1/8 7 1

Figure 8. Relative weights of parameters for the structural
system.
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Figure 9. Relative weights of parameters for the exterior
finishes.

Figure 10. Relative weights of parameters for the interior
finishes.

Figure 11. Relative weights of parameters for the windows.

Figure 12. Relative weights of parameters for the roof.

Figure 13. Relative weights of parameters for the shadow
system.

Figure 14. Relative weights of parameters for the Electrical
system.

Figure 15. Relative weights of parameters for the HVAC.

Figure 16. Relative weights of parameters for the fire security
system.
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to enhance FM. However, the statistical information
conveyed by several experts from the various Portu-
guese HEI needs to be disseminated first so that other
participants in the sector can be aware of the difficulties
experienced to develop practices that improve the FM of
HEI. The results of the questionnaire analysis are pre-
sented below.

Table 7 presents a summary of the priority vectors for
each construction System. Figures 8–16 present the pri-
ority vectors for each construction system (v̂mean)
graphically, as well as their respective standard devi-
ation (σ) and covariance (CV).

Figures 8–16 present the relative importance of each
parameter to evaluate BCA for each system, using the
experts’ answers to the questionnaire. However, due to
the reason presented above, Figures 8–13 present the
construction systems being evaluated by the parameters
P1, P2 and P4 and Figures 14–16 present the equipment
being evaluated by the parameters P1, P2 and P3.

For structure (Figure 8), the frequency of preventive
maintenance (P2) is the most important parameter and
its evaluation should be weighted as 36.4% of the BCA.
The evaluation of building condition (P1) takes the
second place of importance on the structure assessment
being this kind of evaluation is 32.2% of BCA. The evol-
ution of the degradation (P4) takes the last place of
importance for structure and windows systems, having
respectively 31.4% and 28.3% of the influence on BCA.

The evaluation of the physical condition (P1) is con-
sidered the parameter with more importance in BCA for
exterior finishes (Figure 9), interior finishes (Figure 10)
and windows (Figure 11). For exterior finishes (Figure
9), the frequency of preventive maintenance (P2) takes
the second place of importance, which contributes to
33.9% of BCA evaluation. The evolution of the degra-
dation (P4) should be considered with 31.3% of impor-
tance in this evaluation.

As for interior finishes (Figure 10), the evolution of
degradation (P4) should be included in the BCA evalu-
ation with a 32.1% of importance and the frequency of
preventive maintenance actions (P2) should be con-
sidered with a 28.3% of importance.

As for the roof system (Figure 12), the frequency of
preventive maintenance actions (P2) should be included
in the BCA evaluation with a 36.2% of importance and
the evolution of degradation (P4) should be considered

with a 32.4% of importance in BCA, being the condition
of the system (P1) the less important on the roof evalu-
ation. The shadow system (Figure 13) evaluation should
consider 36.5% of importance to the evaluation of the
evolution of the degradation of the system (P4), 31.8%
of importance to the evaluation of the physical con-
dition of the system (P1) and 31.7% of importance to
the evaluation of the frequency of preventive mainten-
ance actions (P2).

For the equipment, such as the electrical systems
(Figure 14), HVAC (Figure 15) and fire security systems
(Figure 16), the most important parameter to be con-
sidered in the BCA evaluation is the frequency of pre-
ventive maintenance actions (P2), which assumes 35%,
40.2% and 40.7% of importance to these systems
respectively. For the electrical system (Figure 14), the
frequency of failure (P3) takes second place of impor-
tance, representing 32.9% and then the evaluation of
physical condition (P1) with 32.1% of importance.

As for HVAC (Figure 15) and fire security systems
(Figure 16), the evaluation of the physical condition
(P1) has 34.2% and 36.4% of importance respectively,
followed by the frequency of failures (P3) of the system
with 25.7% and 22.9% of importance, respectively.

Discussion

A comparison of the results with a benchmark is not
possible because there are no similar studies related to
HEIs. However, considering the above characteristics,
it is possible to understand and highlight the novelty
that the present work can give to the scientific commu-
nity in the field of Portuguese FM-HEI. However, some
comparisons between the two studies can still be estab-
lished. According to Shohet (2003), the relative impor-
tance of the building condition and frequency of
failures is higher than the preventive maintenance par-
ameter for most construction systems (except for the
systems vital to the comfort and survival of the custo-
mers, such as medical gases systems), which can also
be observed in the current work. For instance, in the
case of the structure, the physical performance and the
frequency of failures are the highest, which reflects the
low input on preventive maintenance in the structural
elements. However, the economic distribution to the
different parameters may not be the most appropriate

Table 7. Summary of the priority vector for each system.
Parameter /v̂mean Structure Ext finishes Int. finishes Windows Roof Shadow system Electrical system HVAC Fire security system

P1 0.322 0.348 0.396 0.408 0.314 0.318 0.321 0.342 0.364
P2 0.364 0.339 0.283 0.314 0.362 0.317 0.350 0.402 0.407
P3 N.A N.A N.A N.A N.A N.A 0.329 0.257 0.229
P4 0.314 0.313 0.321 0.278 0.324 0.365 N.A N.A N.A
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since preventive maintenance plan is not always accom-
plished, which reflects the investment made. So, the cur-
rent study enables establishing the parallelism between
the parameters’ importance by means of their respective
input investment and the opinions of the various
experts. However, this comparison must be made for
the same type of buildings.

This study allows the calculation of the BCA based on
the relative importance of each parameter to be evalu-
ated according to a scale. It was also verified that the
experts with more experience in the field of facility man-
agement gave more importance to the parameter of fre-
quency of preventive maintenance and building
conditions of the systems.

The high standard deviation and variance are caused
by the discrepancy of the opinions about FM and BCA
among the experts, which is highly related to their
experiences and the type of work carried out. This is a
complex problem that is related to the type of mainten-
ance applied by each HEI. People’s feelings and prefer-
ences remain inconsistent and intransitive. Although an
inconsistency can be considered to be a positive charac-
teristic, forced consistency without knowledge of the
precise values is undesirable (Saaty, 1977, 2003). The
judgments of people are based on their thoughts, feel-
ings and preferences, so there is no sense to keep insist-
ing on consistency. Tables 8 and 9 present the relative
weights of each parameter under study for each con-
struction system.

The weight of each parameter (presented in Tables 8
and 9) provides the relative importance of each type of
evaluation in BCA. The evaluation of all building sys-
tems must be adequate since their performance are
dependent on different requirements. That is the reason
behind the importance of the relative importance of
each parameter to evaluate their state, individually.
Each parameter and its importance provide the oppor-
tunity of representing each system under evaluation,
which also gives the operational perspective, as it will
be further approached.

Relative importance of the systems

Each construction system has different importance for
the general building performance, which usually can
be measured by life cycle costs (LCC). The contribution
of the components is determined by the economic value
of the periodical inspections versus the value of preven-
tive maintenance and repair activities. When that is not
possible, the relative importance of the system for per-
forming the function for which the building was
designed must be set according to the experts’ opinions.
So, in this case, for higher education buildings, the rela-
tive importance of each construction system was set by
employing the questionnaire, which answers were also
analysed by the AHP method and the values are sum-
marized in Figure 17.

It was possible to obtain the relative importance of
the building systems to accomplish the building func-
tion with a level of performance equal to or higher
than the one designed. In this case, the evaluators con-
sider the roof and the electrical system to be the most
important for higher education buildings, followed by
the HVAC system. The fact is that the roof is not in
good condition and will affect all surrounding systems,
which can be an expensive investment to repair. The
electrical system and the fire protection system are rel-
evant to the building’s performance since they need to
be monitored and the service life of the materials
must be monitored since the manifestation of their fail-
ure can lead to the functional failure of the building and
to the occurrence of accidents that carry on human and
material losses.

The fourth place of importance is the structure,
and then the fire protection system. The system with
less importance was considered to be the shading sys-
tem. The structure system is most of the time not vis-
ible, and its maintenance of greater difficulty and
reparation is too intrusive. However, since there are
defects in buildings due to structural causes, the struc-
ture system assumes a great relevance in the overall
building performance, once its failure can lead to

Table 8. Distribution of internal weights (%) of construction
building systems.

Building
system

Weight of
physical

condition P1 (%)

Weight of evolution
of degradation P4

(%)

Weight of frequency of
periodical maintenance

P2 (%)

Structure 32 31 36
Interior
finishing

40 32 28

Exterior
envelope

35 31 34

Windows 41 28 31
Roof 31 32 36
Shadow
system

32 36 32

Table 9. Distribution of internal weights (%) of building
equipment.

Building
system

Weight of
physical

condition P1 (%)

Weight of
frequency of
failures P3 (%)

Weight of frequency of
periodical maintenance

P2 (%)

Fire
protection
System

36 23 41

Electrical
system

32 33 35

HAVAC 34 26 40
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building failure, and the intervention requires a
greater investment. This preference reflects the level
of investment that each building system required to
be built and to be maintained. The building is the
combination of all the components that make up its
systems which are all directly related. The more the
system is needed to accomplish the correct perform-
ance of the building, the more use and maintenance
it requires and the more important it will have in
the building as a whole.

Conclusion

Effective decision-making and the prediction of degra-
dation processes in academic building stock are only
possible when based on a correct understanding of the
maintenance management of this type of asset. It is
necessary to know the building conditions and be
aware of empirical data that enables the understanding
of the difficulties that most commonly arise, and
hence what should be evaluated in a BCA process. Facil-
ity management is a still an undervalued task in the Por-
tuguese HEI sector, which is complex and large in scale,
and the buildings are in an advanced state of degra-
dation. The lack of know-how on the part of tech-
nicians, poor management on the part of
administrative policies and occasional outsourcing
aggravate the situation. These were the main issues
reported in this research. The research also addressed
and presented issues not previously reported, such as
the relative importance of construction systems in the
HEI building stock. This research allowed the facility
managers to disclose their practices and concerns, and
in doing so help to enhance the field of FM by providing
unique and valuable insights.

The results of the questionnaire provide the opportu-
nity to develop more effective strategies for BCA and
building inspections, data records and classification, as
well as to prioritize maintenance works, which intend
to contribute to a more sustainable built environment.
The questionnaire confirmed that the current scenario
of public building maintenance is predominantly reac-
tive and building maintenance and building design are
treated as two different aspects. The information is dis-
persed and the several fields included are difficult to
coordinate. The questionnaire helped to reveal the
main difficulties that HEI FM experts have felt in their
careers and their preferences related to BCA. This has
significant relevance to decision-making in FM, as
well as helping to develop new work methodologies
and contribute to a more sustainable built environment.

The limitation of this study was the inability to obtain
a response from all HEI professionals in Portugal, thus
the results may not be representative of all views and
opinions in this sector. However, the results present
the first investigation of this type in Portugal. Based
on the difficulties reported by the respondents, the
future directions of the research should try to respond
to those facility manager’s concerns, by the develop-
ment of a unified platform for sustainable facility man-
agement, which includes an optimized method to
proceed to BCA, a Prediction Degradation Model, the
building digitalization based on Photogrammetry and
laser scanning then integrated into the BIM method-
ology and databases of sustainable buildings’ processes
and materials that can be used on the maintenance
and refurbishment interventions. As for the limitations
of this study, despite the representativeness of this
analysis, the research scope is limited to HEI. However,
the same approach could be reproduced for other

Figure 17. The relative importance of the building systems for higher education buildings.
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building typologies, such as healthcare and large com-
mercial portfolios regardless of geographical location.
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