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Abstract: A holistic understanding of the correlations between supply and demand in buildings forms
the basis for their performance assessment. This paper aims to reinterpret a set of Key Performance
Indicators (KPIs) that influence users’ satisfaction from different perspectives. Fieldwork was carried
out in an office building following a detailed review on KPIs by conducting user surveys. This study
highlights the need to organize specific indicators to focus on the usability of workplaces and, where
and when required, through an iterative process, understand the user perception of performance
indicators in usage conditions. This methodology is applicable for organizations to understand the
main existing in-service problems, and could improve the building’s performance over time. Survey
results showed that hygiene was the most recognizable influence on users’ satisfaction and indoor air
quality was the less well-known in the assessment results. User perception results can be compared
to other office buildings results to benchmark good practices and should also be investigated for the
post-COVID-19 period.

Keywords: building performance; in-service buildings; indicators for assessment; user perception

1. Introduction

Because there is no universally agreed definition, building performance has different
meanings in different disciplines [1]. In 1760, the first document linked to the performance
of a building was compiled to ensure structural safety [2], and the first instance of this
methodology was developed in the twentieth century [3]. Thorough understanding of
building performance is key to providing user comfort and delivering satisfaction. Thus,
several organizations investigated the issue and developed fundamental platforms. Among
these are the International Council for Research and Innovation in Building and Construc-
tion (founded in 1970), the American Society of Testing Material (ASTM) [4], and the VTT
Technical Research of Finland (VTT) [5].

In 1984, the standard ISO 6241 [6] set out requirements for buildings that were di-
rectly related to its use. This standard gradually became a support tool for the operational
efficiency of buildings, particularly in countries where performance is considered a fun-
damental aspect. The concern for a better sustainability standard led the International
Council for Innovation in Building and Construction (CIB), in 1995, to develop a project on
this topic, discussing the concept of sustainable development in the construction industry,
and exposing future benefits involved through a set of strategies and recommendations for
good practice in the sector [7].

The concept of performance can be defined in various ways, depending on the ap-
proach of different views, underlying the intended purposes. Neely [8] defined the concept
as a measurement of a quantitative value or an expression; the result (output) of an action
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(created quantifiable content); the ability to achieve or promote the creation of a new
result (output), with the aim to satisfy customers/users; a comparison between results
obtained with a reference standard; a result that surpasses expectations; and a process that
involves an action associated with the same results. According to PeBBu (Performance
Based Building Thematic Network) [9], the concept of performance is basically composed
of two questions:

• The use of demand and supply languages: (i) the necessary requirements for good
performance (demand) and (ii) the ability to satisfy these requirements (supply);

• The need to verify and validate results, taking into account the desired performance.

Professionals have adopted terms of demand and supply from markets that refer to the
requirements requested by customers and the responsiveness to their requirements [10–13].

Several other organizations conducted studies related to the performance and sus-
tainability of buildings, including the Green Building Challenge, International (GBC); the
International Initiative for Sustainably Built Environment (iiSBE); the Sustainable Building
Alliance (SB Alliance); the World Green Building Council (WGBC); and the LiderA Portu-
gal [14–18]. The scope of their activities added more dimensions and context to the topic
and included different building typologies in their assessment.

The initial step to match supply and demand is performance evaluation. This eval-
uation process is essentially a systematic research process, not only for human demands
and supplies but also for contents, referring to the performance and management of build-
ings [19]. The results obtained regarding performance can explain the responsiveness
of buildings to demands and requirements imposed. In the definition of a requirement
and its criteria, it is necessary to establish not only what is acceptable, but also what it is
essential to understand the desired level of performance, and the elements that support
data. Performance evaluation can contribute in a highly effective and relevant manner to
the different phases of a building [20].

The standard EN 15,341 [21] defines an indicator as a measured characteristic (or a set
of characteristics) and sets out Maintenance Key Performance Indicators (KPIs), providing
guidelines to assess and monitor the building performance targets [22,23]. They also
provide an insight into the existing demands and supplies. However, the functionality
and usability of workplaces are also required to be included in the assessment of post-
occupancy scenarios [24,25], to improve building design, organization efficiency and
business productivity, and to benchmark the built environment in in-service buildings
conditions [20,26]. Understanding the needs of users can help facility managers to optimize
in-running costs, address in-service complaints, and rethink new ways of focusing on user
satisfaction [27]. Moreover, user perception can help facility managers in decision-making
for interventions in buildings, and in the application of performance indicators established
from standards and studied by other authors [22,24–27]. This combination is helpful for
benchmarking performance indicators [28], taking into account good practices and new
trends in in-service buildings (digital transformation, advanced technology for monitoring,
zero carbon emissions, and circular economy).

The aim of this paper is to discuss the potential for a set of indicators to measure the
performance of buildings in use, associated with technical, environmental, and economic
aspects. The application of those indicators allows the current status of a building to be
checked, including aspects in need of further adjustments. In this study, the indicators
applied in the fieldwork are only those that focus on the users’ satisfaction assessment.

2. Methodology

This study explores a reorganization of criteria and indicators, linking them to a par-
ticular type of component performance, and considers the life cycle of buildings, including
the use phase. Figure 1 presents a schematic diagram of the hierarchy.
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Figure 1. Hierarchy of concepts that are considered in the performance of a building.

After an initial analysis of the gathered information, three perspectives of performance
were selected for this approach: technical, environmental, and economic. This study
is intended to obtain information to understand the current state of a building in real
condition of use. The technical performance area defines the technical characteristics
and specifications of materials (technical properties), the practice of maintenance actions
(maintenance), and issues related to the users of a building (usage properties), considering
the aspects that directly interfere with them.

The environmental component is taken into account because it is an issue that is
relevant to society. The economic area is also considered to be a relevant issue because it is
present in every stage of the life cycle of the building, depending on all of the other factors
involved [29].

Each area consists of a set of criteria that defines it. The selected criteria are carried
out by analyzing the tables developed by different organizations, for overall performance
and sustainability, as others have also mentioned. Thereafter, definitions of the various
criteria that make up each area were developed. The grouping of these criteria is struc-
tured in Table 1 (technical, environmental, and economic performance) based on several
references [4,5,14–18,30–35].

In each area, a set of criteria was explored, and for each criterion a set of indicators
was developed based on data from different organizations. Thus, each of the criterion
defined above, corresponding to each area, was evaluated using a set of indicators from
which they were constructed. The indicators that make up each criterion should be the
most representative possible and applied to the corresponding use of each building phase,
even when it is not necessary to use the building for its implementation.

Indicators are used as tools for measuring the elements that are assessed. Using the
results obtained from these indicators, we can establish a relationship between these results
and the objectives pursued. Thus, it is possible to increase the performance of the elements
that are in greatest deficit and further improve the performance of the building. The
indicators used in each criterion are subject to one or more ratings. A method to evaluate
the indicators was developed through a set of evaluation techniques and a classification
system, which was then adopted. The assessment techniques to be used for the indicators
are explained.
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Table 1. Performance criteria in buildings [4,5,14–18,30,31,33].

Criterion [4] [5] [6] [14] [15] [16] [17] [18] [30] [31] [33]

Technical properties

Mechanical and
structural x x x x

Physical and
chemical x x x x x

Ventilation x x x x x X x x x x
Durability x x x x x x
Fire safety x x x x x x

Structural safety x x x x

Maintenance

Operation and
services x x x x x

Usage properties

Hygrothermal x x x x x x X x X x x
Acoustic x x x x x x x x x x
Lighting x x x x x x x x x x x

Indoor air
quality x x x x x x x x x x

Comfort touch
and visual x x x x x

Spatial aspects x x x
Dynamic x x x x
Hygiene x x x x x x x

Accessibility x x x x
Outdoor
amenities x x x x x x

Functionality x x
Adaptability x x x x x x x x x

Usage security x x x x x x

Environment

Biodiversity x x x x x
Resources x x x x x x x
Pollution x x x x x x x x

Economic

Costs/LCC x x x x x

2.1. Evaluation Techniques and Classification

For each indicator there is a specific evaluation technique(s). Indicators were selected
taking into account the various approaches for evaluating the performance of buildings,
according to the previous literature review:

• Analysis and consultation documentation;
• Visual inspection;
• User surveys;
• Surveys for building management entities;
• Tests (laboratory or in situ).

This study aimed to obtain the performance value of a building using the measurement
techniques mentioned. To achieve this, it was necessary to convert all the qualitative
information into quantitative information. The means of converting information existing in
different forms will vary, depending on the measurement technique concerned. However,
it is important to create a uniform and homogeneous method to ensure that a different
technical evaluation can be reconciled with the results.

In this study, we focused only on the measurement technique by conducting user
surveys. The scale set for the development of these surveys ranged from one to five, one
being the worst and five the best rating. Because it contains few numbers, the scale of one
to five makes the majority of responses more intuitive and simpler to understand, allowing
for greater ease in storing the correspondence of each of the classifications. We consider,
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despite being a small scale, it is enough for the type of evaluation that was carried out,
where detail is not highly relevant. However, user satisfaction remains the core of the
survey. In addition, the representation of intermediate values by an odd number (i.e., three)
in the survey is necessary to allow users to assign a rating of reasonable/acceptable, which
is not possible if the scale is an even number. However, it is known that the consideration
of such a scale can represent a trend in allocating a classification in the intermediate value,
especially when surveys are too long.

2.2. User Survey

Only indicators that measure user satisfaction were selected for review and application.
The application of all indicators defined in the literature review requires more complex
analyses with multidisciplinary knowledge, in addition to involving several specialists.
Furthermore, due to the large number of indicators, data mining statistical treatment tools
are required. However, usually this data is scarce for each building. In this context, the
study of real cases is the desired approach because they can provide relevant real data for
more complex models of decision process, building performance monitoring, and cost in
use optimization.

Users are the key element in evaluating the performance of a building, despite the
inherent subjectivity. They are the main stakeholders in which an operation meets their
needs. The criteria and the key indicators that make up the survey are:

• Comfort, health, and hygiene which includes (i) Hygrothermal; (ii) Acoustic; (iii)
Lighting and visual aspects; (iv) Indoor air quality; (v) Comfort touch; vi) Spatial
aspects; (vii) Dynamics; (viii) Hygiene;

• Accessibility;
• Exterior amenities;
• Functionality;
• Adaptability;
• Maintenance.

The surveys were adapted for office buildings and intended to obtain a performance
rating assigned by their users. The main objective of this study was to understand how
much the building satisfies its users and which aspects present the best and worst outcomes.
It also aimed to identify aspects that need improvement by detecting situations with the
worst ratings. Users are assigned questions a rating from 1 (very bad) to 5 (very good), or
don’t know/does not apply; the attribution of don’t know or not applicable is normally
associated with non-use.

The survey included an initial header, which presented the duration of the research
and some information for the user to fill in, such as the company name and its address,
date of the survey, and characteristics that define the user (gender, age, job title, how long
the person has been working in the building).

2.3. Case Study

The validation of user satisfaction assessment surveys took place in a service building
with 107 employees, located in Campo Grande, in the center of Lisbon city (Portugal). The
study area occupies an entire floor and a half of a four-story building, which has been the
head office since the end of 2000.

After completing the surveys with the users of the building, study of the specific
aspects of the surveys was needed to understand certain physical characteristics of the
building and the routines of the building users. With this purpose, photographs of the
office were taken, a general layout of the space was designed, and a set of questions was
prepared to be answered by one of the building users (space organization—open space,
floor material, ventilation system, among others), to improve the understanding of some
survey results.
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The surveys were conducted by email and sent by the management department to the
employees of the building. Seventy-seven responses from users were obtained. The ages of
participants ranged between 24 and 56 years old, and 37% were female and 63% were male.

Some of the job positions presented in the survey responses—position held—were
as follows (associated to the respective percentage obtained in individual results) (in
alphabetical order): administrator (1%); business developer (1%); director (includes quality
manager and human resources) (7%); management (1%); marketing assistant (1%); portfolio
management (3%); programmer analyst (34%); software maintenance management (4%);
senior secretary (1%); software engineer (16%); and software tester (14%); team leader (8%);
technical writer (1%); furthermore, 8% did not answer this question.

In the question “how long have you been working in the building”, the answers
ranged from 3 days to 13 years. The second value corresponds to the time at which the
company settled in the current location. It is important to note that the answers of these
users who had been working in the building for less than 1 year conditioned some of
the responses, such as the evaluation of the temperature inside the building in different
seasons, e.g., summer and winter—respondents were unable to answer both because they
had not worked in the building long enough.

In the results obtained in the question “how long have you been working in the
building”, more than half of the users (65% of the respondents) replied that they had been
working for over a year in the building; 21% responded that they had worked there for a
year or less; the remainder of the results (14%) corresponded to users who did not answer
this question or responded inadequately.

3. Results and Discussion

In this study, a sample of 77 responses was analyzed and a simple statistical analysis
was conducted to evaluate the results.

3.1. Hygrothermal Comfort

Analyzing the results presented in Figure 2, it is clear that the user’s perception that
refers to the ability to control individual devices, heating and cooling, has the worst rating
average (ii.a) x = 3.0; ii.b) x = 2.8), and a higher coefficient of variation (ii.a) CV = 38%; ii.b)
CV = 38%), that reflects poor unanimity of the answers given by the users. The answers
that obtained higher average results refer to humidity (iii.a) x = 3.9; iii.b) x = 4.0), especially
in winter, for when there was a low coefficient of variation (iii.a) CV = 26%; iii.b) CV = 21%).
The issue of humidity also obtained several answers stating doesn’t know/doesn’t apply.
The fact that users answered this way is positive, because if there were humidity issues they
would have assigned a rating. The question concerning comfort temperature—summer
and winter—had satisfactory ratings (i.a) x = 3.2 and i.b) x = 3.6), although this factor may
be non-representative because it is known that the building is composed of different rooms,
exposed to different temperatures, which may reflect a combination of hot rooms and cold
rooms. This should be noted in the item above (i.a) summer) that presented a coefficient of
variation of 35%.

3.2. Acoustic Comfort

The results of acoustics (sound insulation rate from interior and exterior, respectively)
on the i.a) inside and i.b) outside, can be observed in Figure 3. The average responses
in i.a) received an acceptable classification of 3.1 (acceptable). However, there was some
dispersion in the results (high coefficient of variation, i.a) CV = 1%), obtained from different
classifications, which may correspond to a deficiency in sound insulation in some rooms, a
fact explained by the type of spatial organization that the layout offers. The i.b) outside
acoustics show an approximate average result of 4 (good). These results showed that in
user perception the building has better acoustics from outside than inside.
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3.3. Lighting and Visual Aspects

The general results displayed in Figure 4 reveal an average rating of approximately 4
(good) responses except in question iii.a), which refers to the ability to control individual
devices (iii.a) x = 3.4). This question received a lower rating than the others, and shows
a visible dispersion of results (iii.a) CV = 39%). In fact, there is no individual lighting
in the offices (visible in Figure 5), only general, and this fact can justify this dispersion.
It is also worth mentioning point iv.a), which obtained an average rating of 4.0 (good);
two of the windows (natural lighting) in the office face the Garden of Campo Grande
and the others face the surrounding buildings (including the City of Lisbon Foundation,
which is a remarkable aesthetic and architectural landmark); thus, these may be the main
factors responsible for this rating. Observing a low coefficient of variation (iv.a) CV = 21%)
indicates that there is a consensus in the responses obtained.
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3.4. Indoor Air Quality

In evaluation of indoor air quality associated with natural ventilation and air-condi-
tioning, Figure 6 shows that the results are acceptable. However, there is not a lot of
consensus in the responses in both issues, which reflects high coefficients of variation. This
can be justified by the existence of different rooms in the office, where each user may be
exposed to different conditions and some rooms did not have natural ventilation.

In the analysis of the question, concerning the control of ventilation in rooms and
service areas, there was no individual control of mechanical ventilation for all rooms and
service areas. In the case of the rooms, some had windows, which therefore had natural
ventilation. Unlike the other rooms, the service areas only had mechanical automatic
ventilation. Considering the control of ventilation in the rooms, users answered this
question when applicable, obtaining an average rating of 3.1 (acceptable). Regarding the
lack of ventilation in the service areas, some of the answers focused on do not know/does
not apply, achieving an average rating of 2.7 (bad).
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3.5. Comfort Touch

By observing the results in Figure 7 regarding material properties, temperature, harsh-
ness/roughness, flexibility/mobility equipment, and furniture size, the responses given
reveal good ratings. The lowest ratings presented in this set of questions correspond to i.c)
flexibility/mobility, with an average rating of 3.7 and the maximum ratings correspond
to i.a) temperature and i.b) harshness/roughness, with an average rating of 4.4. It can be
assumed that users are satisfied with the existing working equipment. ii.a) static electricity
is not always noticeable, which explains the large number of do not know/does not apply
responses. It is assumed in this case that when this type of response is given it should be
evaluated as a good result, because if it were noticeable to users, they would tend to ascribe
a negative rating because it is an undesirable aspect related to discomfort. However, the
average rating obtained was 4.1.
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3.6. Spatial Features

Spatial features included the user’s perception about: office/rooms partitioning;
circulation; signaling; size of spaces; location of toilets, reception, meeting room; location
and usage of elevators, of stairs, and of canteen/dining area, and the physical layout of the
workspaces. The responses obtained show similar average ratings, except regarding the
satisfaction of using lifts and the dining area/canteen, which present an average somewhat
lower when compared to the others (i.db) x = 3.6 and i.fb) x = 3.3). It should be noted that
the aspect which provides the best results, is the location of elevators, with an average
rating of 4 (good) and a low coefficient of variation (i.da) CV = 13%). The results show
that in general, users are satisfied with this aspect. The iv) physical arrangement of the
elements also received acceptable ratings, both with an average of 3.4.

3.7. Dynamics

Just like the classification of static electricity, the vibration factor may also be an aspect
that has a tendency to receive the response do not know/does not apply when it is not
detected, because when it is felt it is considered negative. Nevertheless, and contrary to
what was found in the matter related to static electricity, there were few do not know/does
not apply responses. Thus, it can be assumed that the question is well understood by the
users. The average rating obtained was 4.2, so there were no significant vibrations in the
building. No chart was prepared for this group, as only one question was raised. Thus, the
individual results regarding this question are shown in Table 2.

Table 2. Average ratings of dynamics—vibration.

A.1.7. DYNAMICS

Quest
ion

i. “How Do You Rate the Intensity of Factors of Existing Vibration?”

br i na/
dk 1 2 3 4 5 ni nic x x̃ m σ cv tstd

Signifi
cance p

(tstd < tcrit)

[x − tstd;
x + tstd]

a) 1 - 4 0 4 10 23 35 77 72 4.2 4.0 5 0.9 21% 0.21 0.0 [4.0; 4.4]

Note: a) building inside; br—number of blank answers; i—number of invalid responses; na/dk—not applicable/do not know; 1—Very
poor (inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; ni—number of inquiries answered; nic—number of surveys obtained
with rating (1–5); x—average; x̃—median; m—mode; σ—standard deviation measuring the dispersion of the values obtained from the
average; CV—Coefficient of variation; tstd—value obtained when tested with Student’s t distribution; tcrit − tcrit = 1.99 for 80 degrees of
freedom and a significance level of 0.05, for 95% confidence level; [x − tstd; x + tstd]—expected range of results.

3.8. Hygiene

Looking at Figure 8, the average obtained in the different questions, and their coeffi-
cient of variation, the obtained results are very similar. This is the group that achieved the
best ratings in the study, reaching an average rating between 4.3 and 4.5.

3.9. Acessibility

In Figure 9, some variation in the ratings was obtained. The answer that received
the worst classification was iii.a) quality of outdoor parking (x = 2.2, bad), where user
dissatisfaction was evident. It should be noted that the questions that refer to access by
i.c) individual transport (CV = 39%), the quality of iii.a) outdoor parking (CV = 50%) and
iii.b) indoor parking (CV = 38%), and the accessibility to the interior of the building via
iv.a) ramps (CV = 37%), were associated with a considerable coefficient of variation, and
the parking outside obtained the highest response to any question asked.

3.10. Exterior Amenities

Figure 10 reveals user dissatisfaction regarding some specific amenities. It is assumed
that some of the aspects obtained lower ratings, not because they were lacking but due
to unawareness of their existence. The amenities with the worst outcomes, in average
ratings and in higher coefficient of variation, are those concerning points: existence of
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i.e) stores (x = 2.1) and i.f) supermarkets (x = 2.4), with a coefficient of variation of (i.e)
stores, CV = 43% and i.f) supermarkets, CV = 45%). This was the group, within the entire
study, that received the lowest average ratings. These results highlight the importance of
user perception.

Infrastructures 2021, 6, x FOR PEER REVIEW 11 of 17 
 

3.8. Hygiene 
Looking at Figure 8, the average obtained in the different questions, and their coeffi-

cient of variation, the obtained results are very similar. This is the group that achieved the 
best ratings in the study, reaching an average rating between 4.3 and 4.5. 

 
Note: 1—Very bad (inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; i.a) How do you rate 
the quality of the water?—flavor; i.b) How do you rate the quality of the water?—odor; i.c) How do you 
rate the quality of the water?—temperature; i.d) How do you rate the quality of the water?—color. 

Figure 8. Average ratings of hygiene. 

3.9. Acessibility 
In Figure 9, some variation in the ratings was obtained. The answer that received the 

worst classification was iii.a) quality of outdoor parking (̅2.2 = ݔ, bad), where user dissat-
isfaction was evident. It should be noted that the questions that refer to access by i.c) in-
dividual transport (CV = 39%), the quality of iii.a) outdoor parking (CV = 50%) and iii.b) 
indoor parking (CV = 38%), and the accessibility to the interior of the building via iv.a) 
ramps (CV = 37%), were associated with a considerable coefficient of variation, and the 
parking outside obtained the highest response to any question asked. 

3.10. Exterior Amenities 
Figure 10 reveals user dissatisfaction regarding some specific amenities. It is assumed 

that some of the aspects obtained lower ratings, not because they were lacking but due to 
unawareness of their existence. The amenities with the worst outcomes, in average ratings 
and in higher coefficient of variation, are those concerning points: existence of i.e) stores 
 = with a coefficient of variation of (i.e) stores, CV ,(2.4 = ݔ̅) and i.f) supermarkets (2.1 = ݔ̅)
43% and i.f) supermarkets, CV = 45%). This was the group, within the entire study, that 
received the lowest average ratings. These results highlight the importance of user per-
ception. 

3.11. Functionality 
The functionality of the building elements obtained satisfactory responses; the rat-

ings were very close, as can be seen in Figure 11. Only the last question, which refers to 
the i.d) mechanical equipment of the building (printers) (̅3.5 = ݔ), obtained a lower aver-
age rating, but this is nonetheless acceptable. 

Figure 8. Average ratings of hygiene.

Infrastructures 2021, 6, x FOR PEER REVIEW 12 of 17 
 

 
Note: 1—Very bad (inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; i.a) How do you 
rate accessibility to the building?—public transportation; i.b) How do you rate accessibility to the 
building?—bicycle; i.c) How do you rate accessibility to the building?—individual transportation; 
ii.a) How do you rate security in circulation?—crosswalk; ii.b) How do you rate security in circula-
tion?—bike; iii.a) How do you rate the quality of parking?—outside; iii.b) How do you rate the 
quality of parking?—inside; iv.a) How do you rate accessibility to the interior of the building?—
ramps; iv.bb) How do you rate accessibility to the interior of the building?—stairs. 

Figure 9. Average ratings of accessibility. 

 
Note: 1—Very bad (inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; i.a) How do you 
rate the existence of amenities?—cafes; i.b) How do you rate the existence of amenities?—restau-
rants; i.c) How do you rate the existence of amenities?—schools; i.d) How do you rate the existence 
of amenities?—nurseries; i.e) How do you rate the existence of amenities?—shops; i.f) How do you 
rate the existence of amenities?—supermarkets; i.g) How do you rate the existence of amenities?—
gyms; i.h) How do you rate the existence of amenities?—pharmacies. 

Figure 10. Average ratings of exterior amenities. 

3.12. Adaptability 
Globally, this question can be considered an aspect that summarizes the general char-

acteristics of the entire building. An average rating of 3.9 is obtained, which is considered 
to be a good evaluation. Thus, it can be assumed that the overall result is satisfactory. A 
chart in this group is not available because only one question was raised. Therefore, Table 
3 reveals the individual results regarding this question. 

Figure 9. Average ratings of accessibility.



Infrastructures 2021, 6, 45 12 of 16

Infrastructures 2021, 6, x FOR PEER REVIEW 12 of 17 
 

 
Note: 1—Very bad (inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; i.a) How do you 
rate accessibility to the building?—public transportation; i.b) How do you rate accessibility to the 
building?—bicycle; i.c) How do you rate accessibility to the building?—individual transportation; 
ii.a) How do you rate security in circulation?—crosswalk; ii.b) How do you rate security in circula-
tion?—bike; iii.a) How do you rate the quality of parking?—outside; iii.b) How do you rate the 
quality of parking?—inside; iv.a) How do you rate accessibility to the interior of the building?—
ramps; iv.bb) How do you rate accessibility to the interior of the building?—stairs. 

Figure 9. Average ratings of accessibility. 

 
Note: 1—Very bad (inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; i.a) How do you 
rate the existence of amenities?—cafes; i.b) How do you rate the existence of amenities?—restau-
rants; i.c) How do you rate the existence of amenities?—schools; i.d) How do you rate the existence 
of amenities?—nurseries; i.e) How do you rate the existence of amenities?—shops; i.f) How do you 
rate the existence of amenities?—supermarkets; i.g) How do you rate the existence of amenities?—
gyms; i.h) How do you rate the existence of amenities?—pharmacies. 

Figure 10. Average ratings of exterior amenities. 

3.12. Adaptability 
Globally, this question can be considered an aspect that summarizes the general char-

acteristics of the entire building. An average rating of 3.9 is obtained, which is considered 
to be a good evaluation. Thus, it can be assumed that the overall result is satisfactory. A 
chart in this group is not available because only one question was raised. Therefore, Table 
3 reveals the individual results regarding this question. 

Figure 10. Average ratings of exterior amenities.

3.11. Functionality

The functionality of the building elements obtained satisfactory responses; the ratings
were very close, as can be seen in Figure 11. Only the last question, which refers to the i.d)
mechanical equipment of the building (printers) (x = 3.5), obtained a lower average rating,
but this is nonetheless acceptable.
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3.12. Adaptability

Globally, this question can be considered an aspect that summarizes the general char-
acteristics of the entire building. An average rating of 3.9 is obtained, which is considered
to be a good evaluation. Thus, it can be assumed that the overall result is satisfactory. A
chart in this group is not available because only one question was raised. Therefore, Table 3
reveals the individual results regarding this question.
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Table 3. Average ratings of adaptability.

A.5. ADAPTABILITY

Quest-
ion

i. “How Do You Rate the Building in Terms of Usage Satisfaction?”

br i na/
ns 1 2 3 4 5 ni nic x x̃ m σ cv tstd

Signifi-
cance p

(tstd < tcrit)

[x − tstd;
x + tstd]

a) - - - 0 1 20 40 16 77 77 3.9 3.4 4 0.72 18% 0.16 0.0 [3.8; 4.1]

Note: a) General; br—Number of blank answers; i—Number of invalid responses; na/dk—Not applicable/do not know; 1—Very poor
(inadequate); 2—Bad; 3—Acceptable; 4—Good; 5—Very Good; ni—number of inquiries answered; nic—number of surveys obtained with
rating (1–5); x—average; x̃—median; m—mode; σ—standard deviation measuring the dispersion of the values obtained from the average;
CV—coefficient of variation; tstd—value obtained when tested with Student’s t distribution; tcrit − tcrit = 1.99 for 80 degrees of freedom and
a significance level of 0.05, for 95% confidence level; [x − tstd; x + tstd]—expected range of results.

3.13. Maintenance Actions

According to Figure 12, the rating for the first question is lower when compared to the
other results. The number of time elements in stop mode during maintenance, (x = 3.5) can
be characterized by a higher coefficient of variation and lower average ratings. However,
these results seem to be acceptable. The last two paragraphs have more satisfactory ratings
(i.c) condition (degradation) of the elements in use x = 3.9, i.d), condition (degradation) of
the structural elements x = 4.0), are considered to be good results.
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3.14. Synthesis

Table 4 summarizes the results presented by criterion (totaling 13), which correspond
to the average obtained from the ratings of all indicators that comprise each selected
criterion. The surveys cannot explicitly determine the value of each performance criterion
because other measurement techniques in certain indicators are needed. However, it is
possible to draw certain conclusions from the results obtained. This study shows the
group with the most favorable average ratings is hygiene (x = 4.39 good–very good). This
criterion reveals higher user perception. Therefore, if it is neglected by the facility manager
during building usage, it will lead to complaints and discomfort. For that reason, cleaning
operations should be included in planned operational and maintenance activities, using
skilled personnel and taking into account the different occupancy rates of the building
along the day/month/year.
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Table 4. General average results from the survey.

Criterion Average of Results

1 Hygrothermal 3.93

2 Acoustic 4.19

3 Lighting and visual aspects 3.93

4 Indoor air quality 2.99

5 Touch 4.12

6 Space 3.91

7 Dynamics 4.24

8 Hygiene 4.39

9 Accessibility 3.50

10 Exterior amenities 3.01

11 Functionality 3.88

12 Adaptability 3.92

13 Maintenance operations 3.73

Furthermore, the COVID-19 pandemic redefined the concept of using buildings,
making the inclusion of human health crucial [36] and changing user perceptions of
workplace hygiene. Thus, this criterion should be developed in future research. Table 1
also shows that the criterion with the least favorable results is the indoor air quality
(x = 2.99 bad–acceptable). This is also an important criterion for users, and should be taken
into account as a factor in indoor environmental quality (IEQ) evaluation [25,37] and in the
decision-making process for interventions during the service life of the building.

4. Conclusions

This study reviewed, analyzed, and synthetized a list of existing buildings KPIs and
divided them into three categories of technical, environmental, and economic approaches.
Performance indicators revealed that they must to be subject to different assessment
techniques: (i) analysis of documentation, (ii) visual inspection, (iii) surveys on user
satisfaction, (iv) maintenance team surveys, (v) and testing (laboratory or in situ). The
performance evaluation was intended to be limited and focused on obtaining a clear
result of what was assessed, and to obtain the most realistic response possible. The study
emphasized that it is important to understand which measurement technique is better
adapted for indicator assessment, including existing limitations and taking the necessary
measures to apply it. The selected measurement techniques from a literature review are
not always easy to apply in real life operation conditions, because evaluation indicators
need further study and suitable technology for measurements, and more comprehensive
knowledge, particularly regarding laboratory work and applying formulas. In addition,
more complex and reliable statistical tools need more data, which is difficult to collect due
to the lack of records and implemented methodologies with this purpose.

Users are the key in evaluating the performance of a building, despite the inherent
subjectivity, because they help to choose suitable KPIs for specific real use conditions of
buildings. Therefore, users’ surveys can contribute to the interactive process of in-service
performance assessment, adding value to design and management of building issues.

In this study, 13 performance indicators were selected to assess the user perception
during the usage of an office building. Through the fieldwork, 77 responses were obtained
and user satisfaction was discussed based on simple statistical tools (average, variation,
and Student’s t-tests). Survey results showed that hygiene was the most recognizable
influence on users’ satisfaction indicators and indoor air quality was less well-known
according to the assessment results.
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This assessment was based on the users’ survey. Although sectorial, such a survey can
be useful for organizations to understand the main existing problems, when a lower rating
appears to most often lead to complaints and discomfort. It also permits organizations to
achieve a building performance rating based on the perspectives presented, which may
be reflected in increased user satisfaction, more targeted and efficient maintenance, and a
reduction in the use of resources. By monitoring performance ratings, it is also possible to
understand the current state of an office building in usage conditions, aiding professionals
and rethinking new ways of working in benchmarking processes.

Moreover, further research should be carried out for post-COVID-19 conditions, be-
cause user perception and workplace usage are changing and will require new approaches
to hygiene and indoor air quality of in-service buildings.
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