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Abstract: To improve buildings and their characteristics, the feedback provided directly by users
is generally fundamental in order to be able to adapt the technical and structural functions to the
well-being of users. The post-occupancy evaluation (POE) fits perfectly into this context. The POE,
through qualitative and quantitative information on the interior environment, makes it possible
to identify the differences between the performances modeled in the design phase and the real
performances experienced by the occupants. This review of 234 articles, published between 2006 and
2022, aims to analyze and compare the recent literature on the application of the POE methodology.
The aim was to provide both a qualitative and quantitative assessment of the main factors that
comprise the indoor environmental quality (IEQ). The study highlighted the factors that comprise
the quality of the indoor environment, as well as the variables that are usually analyzed to describe
the well-being of the occupants. The results suggested which are the most common approaches in
carrying out POE studies and will identify the factors that most influence the determination of the
good quality of an indoor environment.

Keywords: post-occupancy evaluation; building performance; indoor environment quality; occupants’
comfort; literature analysis

1. Introduction

People spend a substantial proportion of their time in confined spaces. Approximately
90% of the day is spent at home, work or school, and in traveling [1], so much so that
the definition of the “indoor generation” is spreading. In addition, with the advent of the
COVID-19 pandemic, the entire world’s population has been forced to stay in confined
spaces (especially at home) for long periods of time, which has provided the opportunity
to rethink the design and operation of buildings to make them more liveable and efficient
in relation to the needs of their users [2].

To improve buildings and their characteristics, the feedback provided directly by users
is fundamental information to enable the technical and structural functions to be adapted
to the well-being of users [3]. The post-occupancy evaluation (POE), which was introduced
in the United States in the 1960s and then disseminated globally, fits perfectly into this
context [4-6]. This assessment consists of a process of analyzing the characteristics and
performance of buildings, carried out with particular attention to the perspective of the
inhabitant/user of the building. The concept of the POE is that by asking users about
their needs and experiences in the built environment, better spaces can be designed and
used [7,8]. By building performance, we mean the behavior of the building system, as
a whole, when used by the end user, according to their needs [8]. By allowing a “post-
dwelling” evaluation, following the actual use of the spaces by the final recipients of the
building, the POE makes it possible to identify any discrepancies between the performances
modeled in the design phase and those experienced by the occupants. This reveals whether
this discrepancy is due to failures in the building design, construction, management or
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misuse, and it also identifies improvements that can be made. In this way, this approach
combines the information collected through the monitoring of the structural and physical
parameters that characterize the living spaces and the qualitative and quantitative indica-
tions collected through questionnaires, interviews and visits inside the buildings, directly
involving the users [9]. All this makes the POE a useful tool for continuous improvement
that is capable of providing useful information to all the actors involved in the life cycle of
a building [10,11] and that is applicable to any type of building [12].

According to the authors of [13], the POE evaluates the performance of the analyzed
environments according to three main types of aspects: functional, technical and behavioral.
Functional performance elements relate to the functionality and level of efficiency of a
building’s features, including accessibility, adequacy of spaces and facilities, and services,
etc. Behavioral performance concerns the interaction between occupant activities and the
physical environment provided. Finally, the elements of the technical performance—such
as hygiene and the quality of the indoor environment—represent the factors that influence
the comfort, health and productivity of the occupants.

The benefits that the POE guarantees, in the short, medium and long term, are as
follows [5]:

e  Short-term benefits include obtaining feedback from users about problems in buildings
and in identifying solutions.

e  Medium-term benefits include the feed-forward of the positive and negative lessons
learned into the next building cycle.

e  The long-term benefits are aimed at creating databases and at updating, upgrading
and generating planning and design protocols and paradigms.

The concept of the POE has evolved considerably over time, adapting to different
contexts and applying increasingly complex tools for the collection, processing and com-
bination of qualitative and quantitative data. Therefore, the methodologies for POE are
different and there are many ways to conduct it, which characterizes the great flexibility of
this approach [14].

As people spend most of their time indoors, indoor environmental quality (IEQ)
is one of the priority factors influencing the physiological and psychological health of
occupants and results in changes in their habits, well-being, and their physical and cognitive
productivity [15,16]. The National Institute for Occupational Safety and Health (NIOSH)
describes the IEQ as the quality of a building’s environment, related to the health of
occupants within it. IEQ encompasses the conditions inside a building (air quality, lighting,
thermal conditions and ergonomics) and their effects on the occupants or residents.

As indicated in [17], parameters such as thermal, acoustic, light and air quality could—
also taking into account individual factors (age, sex, etc.) [18]—strongly influence well-
being and health, while also playing a role in the performance of the building, such as its
energy consumption. Demonstrating the direct relationship between the IEQ parameters
and occupants’ comfort has been the goal of many studies: [16,19-23]. For this reason, the
POE method is an ideal approach to analyze the interaction between the factors that make
up the IEQ and the users of buildings.

In [24], articles that were published between 2000 and 2015 and that identified and
classified many indicators to measure the IEQ dimension within the POE’s applications
were analyzed. Using POE, each factor was analyzed from the following two aspects:
(i) the values of this particular parameter in the environment were analyzed, and (ii) the
perception that users have of this particular parameter was assessed [25].

The scientific literature appears to be very rich in articles that analyze the application
of the POE approach to different reference contexts, demonstrating its effectiveness as
a study tool and as a support for improving planning, management and behavior in a
confined environment, both domestic and economic/productive/services.

Several reviews were also conducted, as summarized in Table 1, each focused on
particular aspects assessed by the POE or on specific case studies. In [26] the literature on
POE, with a particular focus on the origins, theories, benefits and approaches that make
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up POE, were reviewed by the authors. Similarly, in [27] the authors conducted a critical
and exhaustive review of 146 POE projects since 2010 in order to obtain both a qualitative
and quantitative benchmark on this issue. The review in [28] critically examined recent
case studies of green building certification systems, such as Leadership in Energy and
Environmental Design (LEED), Building Research Establishment Environmental Assess-
ment Method (BREEAM), Green Mark and Green Star. In [29], an analysis of the POE
tools to identify the methods applied for the evaluation and the metrics used to measure
occupant satisfaction was conducted by the authors. The authors of [30] presented the
state of the art on the links between IEQs and the well-being and comfort of occupants,
with a particular focus on commercial and office buildings. In particular, the literature has
analyzed indoor air quality, sick building syndrome, thermal comfort, acoustic comfort
and visual comfort, with the aim of providing indications on some primary parameters
that characterize the IEQ. The authors of [17] presented a review of the literature about
indoor environmental quality (IEQ) and occupant comfort, identifying the most studied
parameters. Similarly, review studies [24,31] identify the factors that distinguish each
characteristic aspect of IEQs. In [15], the authors, in assessing the health and satisfaction
of occupants in green buildings, also analyzed the design, aesthetics and ergonomics of

buildings, which characterize the IEQ.

Table 1. Review articles related to POE methodology.

Paper

Objective

Consider IEQ

Paper’s Contribution

Gap and Future Developments

Afroz Z. et al., 2020
[28]

POE evaluation
applied to certified
buildings.

Yes, as part of green
building projects.

Collect a large amount of
information related to
post-employment data

collection and analytical

approaches prescribed by
the certification systems
reviewed.

Discrepancies in data
infrastructure and
archiving practices.
In-depth policy
exploration and strategies
suggested by the
certification schemes.
Further research efforts in
utilizing the data for
advanced-level analysis.

The relationship between
the IEQ and the well-being
of the occupants and the

More specific and
in-depth reflections on the
well-being of the

Describe the state of relationship of IEQs occupants necessary.
Al Horr Y. et al.. 2016 the art about the links  Yes, assess the different ~ amongst themselves is quite - Designing a po?en.tiall'y
. ] K4 between IEQs ar}d factors that make up the complex. comfortable building is

: occupant well-being IEQ. Green building designs do not enough. It is also

and comfort. not automatically guarantee necessary to monitor the
that the building designed performance of the
will be comfortable and building and its occupants

ensure occupant well-being. during its operations.

- Future multidisciplinary
research is
recommended—deepen

. . . . the social aspects.
Review previous POE facilitates the detection - Learn more about how
literature on of construction defects at an occupants experience
Aliyu A.A. etal., 2016 POE—origins, Not a priority early-stage so buildings.

[26]

theories, benefits and
approaches used in
conducting POE

corrective actions can be
implemented as soon as
possible.

Examine trends and
patterns in building
energy data.

Promote the successes of
the development of social
housing.
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Table 1. Cont.

Paper Objective Consider IEQ Paper’s Contribution Gap and Future Developments
. . The results show that most
E)exgz\;gst&?u?;i of the existing tools are not
satisfaction statistically validated as a
information, measurement construct and
Artan D. et al., 2018 collected for each Yes that there is no consensus on Improve the way data are
& paramete and pccupantsatstacion, [ colleted and mansged
nlgc;szgiﬁg(ég:zd information that should be
collected by the operator/
collected. occupant for each parameter
Compare and review Tlhe most re}:lcent tools
Brambilla A. and recent tools s%f(l)iv}’az et;inl:é};rtme (ti;) ?;;?ee;te Unde}‘ stand the
Capolongo S., 2019 able to assess the built Yes th Yf indi gffectlvgness of those tools
[32] environment of the e percentage of indicators in practice.
hospital related to health rather than
sustainability.
POE can be used to make
. important strategic
Durosaiye L.O. et al., th[;e:rctri,bfep%]eg ?:?if\e o _ decisions.
UK buildin: Not a priority. _Fac1hty managers can use n.a
[6] rocurement rg cess information from this POE
P P ’ repository to make strategic
decisions.
Identify IEQ parameters that
have a strong influence on
occupant comfort.
The thermal, acoustic, light
and air quality could
strongly influence the
o Analyze [EQ . comfort and health of Simultaneously identify
Esfandiari 1}/[7 etal, 2017  parameters ar}d their Yes. Reople, playing a critical }‘ole full satisfaction and IEQ
relationship to in the energy consumption parameters.
occupant satisfaction. of buildings.
There is a complicated
relationship between IEQ
parameters, which makes it
difficult for a designer to
find a balance between
them.
. Collect indicators for Human health risk i i i
Faorg o it bt ond WS Sl denty
[31] comfort assessment in assessment nc icators are parameters.
IEQ assessments. specified.
The paper reveals the
limitations in the current Systematically study the
knowledge about how lighting conditions created
people react to daylight and, by individuals using
in particular, how they react manual lighting and
Occupant preferences to lighting and shadin shading control systems
Galasiu A.D. and Veitch ~ and satisfaction with COI\t%OlS igm rovin th% Make sg stematic y '
J.A., 2006 lighting environment Yes, for daylight. : ffP‘ 8 P com. ar}ilsons
[33] and control systems in energy etnaency ot | Wi dp the ra £ licht
daylight offices. Fommerc1al bul.l dings 1aen the range otlig
lighting should include conditions studied.
better use of daylight, but Study the relationship

this will require the
development of control
systems.

between discomfort and
glare ratios.
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Table 1. Cont.

Paper

Objective

Consider IEQ Paper’s Contribution

Gap and Future Developments

Review published
research on
post-occupancy

The energy performance of
green buildings was, on
average, better than that of
conventional buildings.

A significant discrepancy
was found between planned
and operational power
consumption.

It was not possible to
observe a clear relationship

- New data collection

Geng Y. et al., 2019 per.fOICman'ce of green atheSrllﬁggltz pgrcelgil between the actual energy technologies.
[25] buildings in terms of buildings. consumption and the level - Global performance
energy consumption, of certification of sustainable optimization.
IEQ and occupant construction.
satisfaction. Current IEQ conditions of
green buildings were not
comparable in different
countries.
Green buildings generally
have a higher level of
occupant satisfaction than
conventional buildings.
- Identify and solve existing
issues that impede
Collect indicators for occupant satisfacti?n and
Ilter D.A. et al., 2016 assessing occupant L. uide the design o
24 satisfact%on in Ii’EQ Yes. Evaluation indicators. fetroﬁts in offige buildings
evaluations. to maximize building
performance and user
needs.
Implement a - Conduct research on IEQ
web-based building anctors.
. - nalyze occupant
occupant tracking isfacti d displ
system that satisfaction and display
L incorporates the new . . the Ylsﬁa 1zation
ee J.W. et al., 2020 approaches. based on Yes Define a detailed system vertically.
[34] PP ' phi ' framework - Carry out a case study of
infc?rr%f;t%cfipsylsctem ;hel(éccupants of a real
uilding to propose a
(GIS) tool and open directio?;\ f01l'9 staptistical
source Sp?tlal analysis with 3D
information. visualization.

LiP. etal., 2018

Qualitative and
quantitative

Emerging research topics
related to visualization of
Yes POE results, occupant

- Five directions for future
POE development and
applications, as follows:
from ad hoc to ongoing,
from high-level to
detailed, owner-

(27] introduction of POE. survey Eliatabase analysis, /occupant-oriented
amn e agliilelr%aerrl&y researcher-oriented, from
’ academia to industry, and
from independent to
integrated.
Describe POE’s
conceptual and
methodological . .
context, its interaction POE is an important and
Meir LA. et al., 2009 with other issues Yes probably inevitable step to na

[5]

related to sustainable
design and its
growing
“canonization” as a
method.

make buildings more
sustainable.
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Table 1. Cont.

Paper Objective Consider IEQ Paper’s Contribution Gap and Future Developments
Identification of important
IEQ factors, including
building design, aesthetics
and ergonomics, which More buildi )
A Examine the were less valued in previous ore bulldings to
Mirzaei Nl' ;t al., 2020 relétic_)nship between Yes research. P f;lccgrately assess the
buildings and health Occupants of green indicators cited.
buildings enjoy higher IEQ,
satisfaction and health than
occupants of non-green
buildings.
Analyze POE
htega;:::ﬁ?;?gﬂimg A stronger community of - Expand current research
Roberts C.J. et al., 2019 y Y practice is needed to ensure study and generate
[35] pertormance as a way es broader debate among

to holistically map the
body of existing

a consistent approach to
POE.

practitioners and scholars.

knowledge

Considering previous work that has examined POE and the various perspectives for
future development that have been described, the purpose of this article was to review
and compare the recent literature on the application of POE methodology to provide both
a qualitative and a quantitative assessment of the main factors that make up the IEQ.
Therefore, the specific focus of this review was the application of one/several/all of IEQ’s
variables in the POE methodology, by considering the papers that describe the integration
of the IEQ into the POE evaluation.

The contribution to the related literature that this article intends to offer is an analysis
of the methods used internationally in POE methodology and of the determining factors in
defining the IEQ. In addition, in the discussion some limitations of the current literature
are identified to guide future research on this theme.

This paper is organized as follows: Section 2 defines the methodological protocol
applied in this study to collect, select and analyze the scientific articles. Section 3 presents
the results of the literature review from both a descriptive and an analytical point of view.
Section 4 then summarizes the main issues and draws conclusions.

2. Materials and Methods

To make the literature review more effective, an appropriate approach to the collec-
tion and analysis of scientific documents was necessary. All the papers that analyze the
concept of indoor environmental quality in the context of the use of the POE approach
were considered.

Therefore, the search and analysis protocol, shown in Figure 1, was applied. The
bibliographic search was conducted using the Scopus, ScienceDirect, Taylor & Francis and
MDPI databases, with a search restricted by year (since 2006), type of publication (search
and review) and the English language. No restrictions were imposed on the journal. These
choices are intended to foster the ability of research to capture the latest developments in
the practice of POEs, despite the fact that the POE method originated in the 1960s and,
therefore, there are also publications dating back to that time. Several keywords were used,
divided into two groups, which were referred to as “Group A” (post-occupancy evaluation,
occupants’ satisfaction and building performance evaluation) and “Group B” (indoor
quality occupant satisfaction, indoor comfort and indoor environmental quality). The first
group focused their research on the primary object of the study (POEs), while the second
group specialized in the IEQ aspect. Each keyword in Group A was searched, coupled with
the others in Group B using the “*” wildcard character, which was employed for multi-word
searches. The list of combined keywords were used to search the selected databases.
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Indoor environmental Journal: all
quality Removal
Year: from 2000
oo
i Date of search: No
Indoor quality December 2021
occupant satisfaction
Reading
Database Keywords Search Collect Reiising s
& Sk u
i oliccle) Paps> elimination pse':up
| e | . _—
Sciencedirect Post-occupancy N
Language. Eng‘ISh SeIECted YES’ pecause:
. Treats the POE
Scopus 1.321.943 2
— Article type: Research apers . Applies POE
MOPI environment
Building performance
Taylor & Francis evaluation
g Collect papers
Papers from Collect puperd Does the paper Reading 5 reads:e:d 1:
other sources: g 2 meet the eligibility +~——  papers P i —
selected: 212 e selected: 277.608
selected: 22 criteria?? (phase 2) :
removed: 277.396 removed: 1.044.335

Author

Considers environments where | _ |
you spend a lot of time

Year

quality parameters Title
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Collects infarmation from users ]ﬁ

Research objective

f
\
( Considers Indoor environmental ]‘_
|
[
L
£
L

TITrrT

|  FINAL DATABASE: 234 papers |

Figure 1. Research and analysis protocol.

The collected articles were analyzed by applying a scalar approach to the evaluation
of their content, from a preliminary level to a more in-depth analysis of the content. The
selection eliminated duplicates and analyzed the abstracts of the articles to assess their
conformity to the objective of this article. The remaining articles were classified according
to the author’s name, the year of publication, the title of the paper and the keywords used
and, finally, they were evaluated by applying eligibility criteria.

A full-text evaluation was then carried out. It was only with this last step that the
selection was completed. Finally, by browsing other known references and tracing the
references in the selected documents (backward snowballing), other contributions were
identified. This process resulted in a total of 234 papers.

The critical analysis of the selected articles was carried out through a structured ap-
proach to extract the descriptive elements from the scientific literature and the parameters
on which to conduct the critical analysis. The descriptive analysis provided a general
overview of the material collected, highlighting three key aspects that framed the reference
bibliography: year of publication, journal and field of study. The critical analysis assessed
the content of the articles in relation to the following: (i) the objective of the study, (ii) the
type and number of buildings analyzed by each author, (iii) the modalities of involve-
ment of building users and the number of responses collected, (iv) elements considered,
and (v) type of factors that make up the IEQ dimension considered, and any physical
parameters measured.

3. Results and Discussions

The results of the descriptive and critical analyses are reported below. A total of
234 articles were collected.

3.1. Descriptive Analysis

The study period (2006-2022) was covered by articles dealing with the issue of POE
methodology (Figure 2). The period from 2015 was particularly rich in scientific contri-
butions, which represented more than 83% of the articles selected in this journal. The
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years 2020 and 2021 were the most represented years, with 39 and 47 articles published,
respectively.

Number of papers published per year

25

20

15

10

5 Bl

0 — e e -

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Figure 2. Number of articles per year of publication.

The journal that had the largest number of publications was Building and Environment
(approximately 25% of the articles analyzed were from here). This underlined that this
international journal is strongly oriented towards the themes of the analysis of buildings
and the interaction between people and the surrounding environment. Approximately
9% of the articles were published by Energy and Buildings, 5% by Buildings and 3.5% by
Sustainability. In addition to these, there were 60 other different journals that published
at least one relevant article. Some contributions (6.5%) were published in the conference
proceedings.

The selected studies focused specifically on the UK and the US, with 10% of the articles
each, followed by Australia (9%), China (7%) and Malaysia (6%). In Europe, excluding the
UK, there were another 20 papers (approximately 10% of the total analyzed) that were fairly
evenly distributed among the Member States. It is interesting to note the high concentration
of papers that also came from developing countries (e.g., Nigeria, Ghana, Liberia, Sri Lanka
and South Africa), which represented 7% of the papers.

3.2. Critical Analysis

The results described in this section relate to the five aspects that made up the method-
ological protocol reported in the previous section. A subsection has been dedicated to
each aspect.

3.2.1. Objective of the Study

This assessment summarizes the end goal that the authors intend to achieve through
their case study. The objectives stated by the authors have been classified into the following
categories:

Overall comfort/satisfaction of the occupants.

Specific aspect of occupant comfort against the factors that make up the IEQ.

One or more specific factors that make up the IEQ, as follows: indoor air quality,
acoustic comfort, thermal comfort and visual/light comfort.

Building performance.

Safety requirements.

Satisfaction—productivity ratio.

How POE supports building design or maintenance.

The effect on occupant behavior.

General description.
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Table 2 shows the number of papers describing each objective and the relative fre-
quency in percentage. Most of the authors (approximately 44%) pursued the objective of
applying the POE to assess the comfort/satisfaction of the occupants, with respect to the
various factors that characterize the functionality of the building. These applications are
very heterogeneous, and the POE makes it possible to analyze the technical, functional and
psychological factors and variables, thanks to the involvement of the users.

Table 2. Aim of study.

Objective Number of Papers Frequency %

Occupant comfort/satisfaction 90 38%
IEQ comfort 73 31%

Design support 15 6%
Building performance 14 6%
Help with maintenance 5 2%
Improvement in occupant behavior 4 2%
Safety requirements assessment 2 1%
Satisfaction—productivity ratio 2 1%
General description 29 12%

Total 234 100%

The authors of [36] used the POE to determine the level of user satisfaction with
university shopping mall facilities by evaluating the satisfaction of the occupants with
respect to the following five categories of factors: building performance, safety, proximity
and accessibility, planning and layout of space, and mall services. Furthermore, in the
school environment, Ahmed et al. (2021) [14] assessed several school renovation projects in
the UK, noting the need for greater control of the internal environment, thus contradicting
the current trend towards automated “intelligent systems” approaches. The authors of [37]
applied POE to assess occupant satisfaction with school facilities, by applying a novel ap-
proach to assess the key technical, functional and behavioral elements of the performance of
schools in Saudi Arabia. Kim et al. (2015) [38] assessed occupant comfort and satisfaction in
green healthcare environments, using a case study to investigate the real-world factors that
influence occupant comfort and satisfaction with the healthcare provided, by comparing the
perceptions of the healthcare staff in green hospitals with those in conventional hospitals.
The results obtained highlighted how green features can have positive effects on healthcare
staff, suggesting them as relevant elements for these structures.

The authors of [39] showed how the use of POE in the school environment can also be
applied as a tool for collecting technical and functional indications for the redesign of the
school. In [40], the level of satisfaction with the level of technology (television monitors,
DVD and video cassette recorders, overhead projectors and slide projectors, and video
presenters), the thermal characteristics of the environments and the level of cleanliness of an
establishment of university education in the Midwest, United States, were analyzed by the
authors. The authors of [41] analyzed schools in Iceland that combine open and confined
spaces, designed for multiple pedagogical approaches and multiple uses, highlighting the
design strengths and weaknesses. In [42], college dormitories across POEs based on the
socio-technical systems approach were analyzed by the authors to identify factors that
contribute to student satisfaction with their residence. The authors of [43] identified and
prioritized the social impacts of high-rise residential buildings in Tehran (Iran). Anti-social
behavior, a lack of social cohesion and a lack of social contact with neighbors were the
factors identified as the most significant. The authors of [44] assessed the liveability and
comfort of social housing in Liberia from the perspective of the residents.

The IEQ is the second most studied element in the literature (approximately 36% of the
articles analyzed in this review studied this). It is important to point out that IEQ factors
are often items that are assessed by the POE, along with other technical and functional
items, and which, in this review, have been listed in the previous category, called “occupant
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comfort/satisfaction”. In [45-47], occupant satisfaction with IEQ was analyzed by the
authors against buildings with and without LEED or BREEAM certifications. The studies
analyzed office buildings in the UK in terms of air quality, thermal comfort, ventilation,
building characteristics and light. The authors of [48] applied a protocol for POEs in schools
to improve the indoor environmental quality and energy efficiency, assessing the following
aspects: visual, air, thermal, acoustic and spatial quality. In [49], they presented the results
of a study conducted in 32 schools in Manitoba (Canada), in which they used the POE
to assess the satisfaction of the IEQ for occupants and to analyze its use as a measure of
the psychological, social and physical well-being of the teachers. The results showed that
ventilation and thermal comfort were the most significant measures. Similarly, the authors
of [50] assessed the job satisfaction and self-reported productivity of university employees,
with respect to ventilation and thermal comfort, acoustics, privacy, and lighting. In [51,52],
they developed an integrated occupant psychological response score, based on the activities
of 22 experimental participants and changes in the IEQ conditions. The authors of [53,54]
analyzed the context of commercial buildings in Australia, evaluating the ways to improve
occupant satisfaction through better indoor conditions. In [55], the effect of library interiors
on occupant satisfaction and performance was assessed by the authors.

However, some authors analyzed a specific aspect that characterizes the IEQ. For
example, the authors of [56] examined the thermal comfort of occupants during the dry
season in low- and middle-income residential buildings in Abuja, Nigeria. In the study,
post-occupancy surveys were used to assess the adaptation of buildings and residents’
adaptation to the thermal environment. In [57,58], they assessed thermal comfort in schools
and historical museum buildings in Spain. The evaluation of this parameter made it
possible to highlight the need to explore the possibilities of lowering indoor temperatures,
in particular passively (fabric, shade, insulation, etc.), taking into account the need to avoid
or reduce the need for air conditioning to make buildings energy efficient for lower-middle
income groups. In [18], the authors monitored the air quality of a renovated building
and assessed the impact of sick building syndrome (SBS) on the occupants. The results
of the study showed a direct relationship between a high airborne mold, TVOC and the
negative health perception of the building’s staff. Similarly, the study in [59] features case
studies of offices in Denmark. In [60,61], the authors deal with noise analysis in residential
buildings. Finally, the evaluation of visual discomfort as a characterizing element of the
IEQ is described in [62-65].

Less common, were studies that had other objectives. In [66-70], the authors presented
some studies where the POE was used to analyze the performance of buildings from a
functional and technical point of view (approximately 7% of the papers analyzed). Entrance
space in residential apartments, energy retrofits and consumption, water consumption, and
feedback from facility managers were some of the factors that were evaluated.

Some authors (approximately 7%) applied the POE to identify the priority aspects to
plan the necessary interventions on the buildings and the obstacles inherent in these works.
Some of the studies that were oriented in this direction were [71-75].

Other studies applied the POE to facilitate improved occupant behavior (2%), as
described in [76-79]. Another 2% of the authors used the POE as a tool to support building
maintenance actions, [80-83]. The latest objectives analyzed, which were each investigated
by approximately 1% of the authors, provided for an improvement in the satisfaction—
productivity ratio ([20,45]) and assessed the safety requirements ([84,85]).

3.2.2. Buildings Analyzed

POE is a very versatile tool that can be applied to different contexts. This aspect reflects
the different types of buildings discussed by the authors and the buildings’ state of use
(new, renovated, already inhabited /used buildings, Table 3). Offices represented the largest
number of studies available (approximately 36% of the total analyzed), in particular, to
improve the satisfaction and productivity of their occupants. The authors of [86] analyzed
398 offices in Malaysia, with specific reference to the ability of the heating, ventilation
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and air conditioning (HVAC) systems to provide a comfortable working environment.
Assessing the sustainability of 140 sites, in [87] the authors applied 45 factors that were
representative of operational, environmental, personal control and satisfaction aspects, and
collected user perception scores via the POE tool.

Table 3. Type of building analyzed.

Type of Building Number of Papers Frequency % State of Use of the Buildings
New: 7%
Office/commercial
building //public building 73 31% Restructured: 0%
Already used: 93%
New: 5%
Educational institution 59 25% Restructured: 0%
Already used: 95%
New: 8%
Residential building 43 17% Restructured: 3%
Already used: 89%
New: 22%
Others 8 3% Restructured: 1%
Already used: 77%
New: 0%
Hotel/Hostel /B&B 5 2% Restructured: 0%
Already used: 100%
New: 0%
Students’ halls of residence 5 2% Restructured: 0%
Already used: 100%
. . . New: 0%
Museuml/)ﬂ?liﬁl;yg/shlstorlcal 5 2% Restructured: 0%
Already used: 100%
New: 0%
Fitness building 3 1% Restructured: 0%
Already used: 100%
New: 0%
Healthcare 3 1% Restructured: 0%
Already used: 100%
New: 0%
Religious structures 1 1% Restructured: 0%
Already used: 100%
Not available 29 12% n.a.
Total 234 100%

More recent, were the studies described in [88-91]. The authors of [88] analyzed
indoor environmental quality (IEQ), combined with environmental measures, to examine
the satisfaction of the existing occupants. In [90], the authors analyzed which aspects
supported the development and improvement of their performance towards the objectives
of green building certification. A series of 2657 certified office building records were
assessed. Finally, the authors of [91] analyzed 36,671 post-occupancy evaluation responses
to determine which indoor environmental quality parameters best predicted the overall
workspace rating.

The second main type of building analyzed were educational environments (at differ-
ent levels, from small schools to universities). Approximately 29% of the authors analyzed
this category. Again, POE ensures the best possible conditions for its users. The authors
of [92] compared a number of quantitative and qualitative aspects of use in a sample of
10 conventional schools, 20 energy-retrofitted schools and three green schools in Toronto.
In [93], the authors applied the POE as a preventive tool to assess which factors could
influence the behavior in 47 naturally ventilated classrooms in southern Europe, in relation
to climate change and its effect on the average temperatures and duration. The authors
of [94] analyzed the IEQ and the influence of buildings characteristics in 26 schools in Spain.
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The last predominant category was composed of residential and domestic buildings,
and was analyzed by approximately 21% of the selected authors. The application of the POE
aimed to support the improvement of the comfort of the residents as well as the sustainable
performance of the installations and their operation. In [95], the authors measured indoor
climate conditions in high-performance residential buildings in Norway. The authors
of [53] evaluated the living experiences of the residents in 199 apartments, which made
up a modular multi-residential development in central Melbourne. The authors of [96]
studied occupant satisfaction and awareness through the performance of 158 green homes
in the UK. In [97], the authors applied POE to a social housing complex, consisting of
400 apartments, to investigate the causes and possible solutions for high humidity levels.
Yang et al. (2020) [98] studied IAQ, energy and occupant satisfaction and behavior in
650 energy-efficient homes in French-speaking Switzerland. The authors of [99] analyzed
361 LEED-certified and non-certified apartments using social media data.

The other building types (which, together, accounted for 15% of the studies analyzed)
applied POEs to a variety of structures. For instance, in [7,100,101] the authors applied
POE to existing hotel and hostel buildings to assess their functionality against the current
needs, and also to be able to adapt to new changes in use. The authors of [102-104]
applied POEs to student residences. The authors of [105-107] analyzed historical and
cultural environments, with applications to museum, library and other historical buildings.
Sports facilities were the focus of the analysis conducted in [23], with an experimental
application at a gymnasium in eastern Ontario, Canada. Two studies, [108,109], analyzed
health facilities and hospitals. Finally, to assess religious structures, in [110] they conducted
a study of mosques in Saudi Arabia.

It is evident that the most investigated buildings were those already inhabited /used,
with minimal differences between the different types of buildings (e.g., hotels /hostels /B&Bs
were 100% already used, while residential buildings were 89% already inhabited, 3% refur-
bished and 8% new).

3.2.3. Collection of Qualitative Information

Another aspect characterizing the application of the POE concerns the means of
engaging the users of the environments analyzed and the tools implemented to collect their
responses. As stated in [13], questionnaires in POE studies are the most important part
of any building evaluation study, because buildings that do not meet the requirements of
their users cannot be classified as performing well, even if their physical measurements
are satisfactory.

Table 4 shows the means of involving users that were described by the authors.
The use of digital solutions (internet, social media, email, etc.) are currently the most
widespread tools, applied by 73% of authors. In [111], to assess indoor air quality and
occupant satisfaction in five mechanically ventilated and four naturally ventilated open-
plan office buildings, the authors distributed a POE questionnaire via a web-based approach.
In [112], the authors, in their assessment of green and conventional university buildings,
distributed the questionnaire via email, receiving 319 responses. In [113], the authors sent
the questionnaire via email in order to evaluate the IEQ by comparing a building classified
as Green Mark Platinum, with a building not classified as Green Mark. In [114], the authors
used an online survey questionnaire, distributed via email, through the facilities manager,
to the occupants of the three buildings selected for the case study. The questionnaire
assessed their environmental awareness, perceptions, and the perceived ease or difficulty
of pro-environment behaviors. Out of the 883 potential survey responses, 106 responses
were collected. In [115], to assess the energy certification of the building with regard to
user satisfaction with the indoor environment, the authors collected 277 responses via an
online survey, and 269 via a point-in-time survey.
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Table 4. Type of approach used.

Number of Responses Response Rate (%)
Approach Number of Papers  Frequency % Min Mean Max Min Mean Max
Online questionnaire 113 48% 14 588 11,243 7 52 94
Personal face-to-face 33 14% 8 182 796 20 47 75
interview
Paper questionnaire 8 3% 65 171 440 2 44 79
Telephone interview 1 1% 29 29 29 n.d. n.d. n.d.
Not available 79 33% n.d. n.d. n.d. n.d. n.d. n.d.
Total 234 100% 8 474 11,243 2 51 94

The studies analyzed in this paper, describe a very different number of samples (in
terms of the number of responses received). For example, in [74] the authors collected
14 questionnaires to assess changes in household practices before and after employment.
In [116], in the evaluation of centralized and decentralized ventilation systems in residential
buildings in Luxembourg, the authors collected 16 questionnaires. To analyze thermal
comfort and occupant satisfaction in the office, in [117] they collected 20 questionnaires.
In [118]—a building performance assessment for sustainable agri-food production—the
authors collected 24 questionnaires.

Other authors, on the other hand, managed to collect a very high number of responses,
such as in the following: in a case study on eco-certified buildings, [46], 11,243 were
collected; the authors of [40] obtained 5173 responses on class spaces; the authors of [119]
collected 5756 responses, with an indication of overall satisfaction in Swedish households;
and the authors of [120] collected 4086 responses on three-star certified office buildings.

On average, across all the articles analyzed, the number of interviews was 588, high-
lighting the great potential of this approach, compared to the average number of samples
collected by the other methods, shown in Table 4.

Similarly, the response rate (i.e., the number of responses received, compared to the
number of requests sent) was highly variable, ranging from 7% to 94%. The average
value was 52% [121], with 85 samples collected describing a 7% response rate. Two
studies, [77,122], reported a similar percentage, but with a much higher number of samples
(278 and 729, respectively). The authors of [123] achieved an 85% response rate, with
100 samples; the authors of [124] achieved 88%, with 46 samples; and the authors of [50]
achieved 92%, with 65 samples. The highest percentage (94%) was reported in [18], in
which the authors obtained 94 samples.

The main drawback of this approach is the difficulty of collecting in-depth information
and the need for a simple, intuitive and fast questionnaire-response-time structure.

Conversely, personal interviews provide a better understanding of the topics of the
interview but take a lot of time to organize and manage. However, this solution seems to
be quite widespread (21% of authors, such as [125-127]). Furthermore, in this case, some
authors managed to collect a limited number of responses (e.g., [73,109,128], who worked
with 8, 16 and 22 responses, respectively). In [129], they obtained 796 responses, in [39]
they obtained 577, while in [55] they obtained 556.

From a response-frequency perspective, ensuring direct contact with building users
was important—at least 20% of those contacted provided an answer [130]. The average
value was 47% and the maximum value was 75%, as reported in by the authors in [63].

On the other hand, the number of paper questionnaires distributed to users (5% of
authors) and the number of telephone interviews conducted (1%) in the studies evaluated
in this review were marginal. The first tool, as described by the authors in [131-133], was
applied to prefabricated timber houses in the UK, government buildings in the Kingdom
of Bahrain, and universities in Cairo (Egypt), respectively. The second, on the other hand,
was described by the authors in [134], in which it was used to understand how facilities’
managers reacted to user feedback and its impact on users’ post-feedback behaviors.



Toxics 2022, 10, 626

14 of 24

Another relevant aspect in the collection of questionnaires was represented by the
number of times the responses were collected. In most cases (79%), the authors did not
replicate the sampling, doing it only once. In some cases, user opinions were collected
multiple times.

3.2.4. Elements Considered

The articles collected were also assessed according to the type of elements analyzed
by each study. In particular, according to the authors of [13], the different performance
elements considered in post-housing assessments can be divided into the following:

e  Functional performance elements, which refer to the level of functionality and effi-
ciency of elements in buildings, including accessibility, the suitability of spaces and
structures, and services, etc.

e Behavioral performance elements, which relate to the interaction between occupant
activities and the physical environment provided.

e  Technical performance elements, such as hygiene and the quality of the indoor en-
vironment, and all factors that influence the comfort, health and productivity of
the occupants.

Functional performance elements were investigated by 177 papers, which represented
82% in terms of frequency. Behavioral performance elements and technical performance
elements were moderately less investigated: 77% and 78%, respectively.

Often these three aspects were assessed in the same study, as described by the au-
thors in [135-143]. In other studies, only one or two aspects were considered at one time
([110,144,145]).

3.2.5. IEQ Parameters

The interaction between the IEQ and occupant satisfaction is very complex. Due to
the numerous studies available (e.g., [17,22,46,50,106,146]), it has been shown that the IEQ
has a direct short- and long-term effect on the comfort, health and productivity of the
occupants of buildings. Therefore, to analyze these aspects, the POE also contributes to the
evaluation of all the possible factors [31]. As reported in [25], the factors that influenced
IEQ and occupant satisfaction can be divided into physical factors (thermal comfort, indoor
air quality, lighting and acoustic environment), which can be assessed by corresponding
measurable parameters and non-physical factors (layout of space, privacy, cleanliness,
facilities, and the view from the building) that are difficult to measure with tools.

Most of the authors (88%) considered the IEQ parameters in the case studies described
as supporting elements for understanding occupant satisfaction and for planning possible
improvements. In some cases (21%), the IEQ factors were not taken into account.

The authors of [147] compared the expected and actual energy performance of non-
residential buildings and applied the POE to produce more accurate energy performance
models. The authors of [81] used the POE to prioritize maintenance work to achieve the
maximum occupant satisfaction. The authors of [68] aimed to improve the accuracy of
buildings’ energy simulation, through the evaluation of occupant behaviors. The authors
of [67] evaluated the functional performance of entrance spaces in apartments in the
Kurdistan region of Iraq.

With respect to the physical parameters, the analyzed authors described whether or
not the evaluation of the POE was completed by in situ measurements, or whether the
evaluation was carried out solely by qualitative assessments and judgments, provided
by the users of the spaces investigated. In this case, there was a greater balance: 43% ex-
pected physical measurements, while 57% of the authors only made qualitative assessments.
Some case studies that complemented the POE surveys with field measurements were as
follows: [148], alongside the questionnaires, the authors also measured the temperature,
relative humidity, noise, light, and CO2 concentrations in the case study of Universiti
Teknologi PETRONAS’ new academic complex; the authors of [149] measured the bright-
ness of highly glazed modern buildings, which require solar protection to ensure the visual
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and thermal comfort of the occupants; the authors of [150] detected the temperature and
relative humidity trends in houses in the hot and humid tropical climate of Darwin; the
authors of [151] measured the brightness in collective housing in Algeria; the authors
of [152] measured different physical parameters (temperature, relative humidity, noise,
light and CO2 concentrations) for a comparative study on green and conventional malls in
Beijing, China; the authors of [61] focused on noise measurements to improve the acoustic
performance of residential buildings in Turkey.

Conversely, some authors only carried out qualitative evaluations, as follows: the
authors of [135] analyzed the relationship between defects and occupant satisfaction and
loyalty in build-then-sell houses; the authors of [86] assessed how maintenance features
might affect occupant satisfaction; the authors of [71] analyzed the demand for space in
the common areas of student residences in Iran; the authors of [153] applied the POE
to understand how occupants perceive wood in built environments; the authors of [129]
analyzed how the social dimension of physical space in educational contexts can explain a
student’s academic achievement.

Considering only the 157 articles that provided qualitative and/or quantitative as-
sessments of IEQ’s physical parameters, Table 5 reports the frequency of analysis of the
four categories proposed in [25]: thermal comfort, indoor air quality, lighting and acoustics.
For each variable investigated, the main types of tools used for measurement were also
reported, as support elements for the design of measurement campaigns, which are useful
for the use of the POE methodology.

Table 5. IEQ categories considered.

Frequency (%) of
Articles that Analyze

- Main Variables Main Instruments Used for the
Category Number of Papers Coi‘;fa&aéi%otrg{)se Measured Sampling/Measurement
that Do Not
HOBO and Tinytag sensors;
Temperature Raspberry-Pi-based sensors; Kestral
P 4000 m; DT-172 logger; and HWM
Ecosense temperature loggers
Thermal comfort 134 85% HOBO and Tinytag sensors;
Humidity Raspberry-Pi-based sensors; Kestral
4000 m; and DT-172 logger
Air pressure HOBO and Tinytag sensors
Air velocity T-DCI-F900-5-O
Cco HD21AB/HD21AB17
Particulate matter, Obtical particl nter
PM10 and PM2.5 phicalparticie counters
NO, Passive Difram100 Rapid air monitor
Indoor air quality 100 64% Total volatile organi
ganic . . .
compounds (TVOC) RadielloTM Cartridge Adsorbents; 98,519
Formaldehyde Passive devices
co Raspberry-Pi-based sensors; 98,123 J;
2 HD21AB/HD21AB17; Vaisala CO; sensor
Lightin TM-203 Datalogging; Digital Light Meter
& & and Lutron-YK2005LX; illuminance sensors
Lighting 112 71% Glare Camera-based imaging luminance
photometer
Views from windows Two-dimensional color analyzer
Acoustic environment 97 62% Noise Sound level meter and tapping machine.

Solo 1092 01dB-METRAVIB
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All categories were considered by a significant number of authors. The thermohygro-
metric evaluation of environments was the most considered category (85%), in particular,
by measuring the temperature, relative humidity and atmospheric pressure. The authors
of [154] described the importance of thermal control for building occupants and facility
managers. The authors of [155] described the case study of a LEED gold-rated university
building, in which thermal comfort was analyzed as an IEQ factor. In [42], with a case
study of university dormitories in China, they described residential satisfaction, which
was also linked to thermal comfort. In [118], in evaluating the performance of an agri-food
building in Italy, they measured the indoor heat levels in hot and cold seasons. In two
studies, [16,156], the authors measured the thermal conditions in green office buildings
in Jordan.

In [157], evaluating 20 office buildings, they measured the lighting levels as a factor
in visual comfort and workplace productivity. The authors of [158] analyzed the internal
conditions of the Arts Tower (Sheffield, UK), also through light measurements. The authors
of [159] analyzed the physical quantities of lighting in an open plan office to assess the
layout of the environment and the effect on the occupants. The authors of [160] compared
green office buildings with different levels of energy consumption intensity, using light
measurement as a rating indicator. The authors of [161] analyzed the IEQ of platinum,
green-certified office buildings in Malaysia, assessing thermal comfort, indoor air quality,
acoustics, lighting, furnishings and cleanliness.

The authors of [162], by monitoring the performance of four social housing units
certified to the Code for Sustainable Homes level, measured CO; levels as a representative
parameter of indoor air quality. Likewise, the authors of [115] applied CO, measurements
as an air quality indicator to assess energy-certified buildings. The authors of [54] also used
this indicator to assess the quality of office space at an Australian urban university. In [163],
the authors verified occupants’ satisfaction with the indoor environment at work, through
the qualitative assessment of indoor air quality. In [164], for the assessment of green office
buildings, they measured many air pollutants, such as COp, PM2.5, CO and formaldehyde.
The authors of [165], in a zero-carbon building, measured CO, and PM2.5 concentrations.

Finally, noise was analyzed in 62% of the papers collected. The authors of [166] quan-
tified several key factors influencing occupant satisfaction in higher education institutions
in the USA and Lebanon, considering acoustic quality as one of them. The authors of [167]
analyzed the environments of university buildings in Chongqing, China, through ques-
tionnaires and occupant measurements. The authors of [168] analyzed the office plan of
the Land Rover/Ben Ainslie Racing (LR/BAR) team’s headquarters in Portsmouth, UK.
A comparison was made between the measurements with the occupants’ perception of
comfort with respect to the same parameters. The authors of [169] examined occupant sat-
isfaction in three excellent BREEAM-certified buildings at Coventry University, in the UK.
Qualitative assessments were carried out on the perceptions of the occupants, evaluating
the thermal environment, indoor air quality, as well as the visual and acoustic environ-
ment. The authors of [11] analyzed satisfaction in the office buildings of the University of
Southampton (UK), by measuring and evaluating the thermal, acoustic and air quality of
the indoor environment.

Table 6 shows the relationships between the four categories of the physical parameters
that describe the IEQ. Most authors (68) considered, in the same case study, qualitative or
quantitative evaluations of parameters relating to all the categories considered (indicated
in the graph by “ABCD”). Considering three categories simultaneously, the most frequent
combination (12 studies) considered lighting, acoustics and thermal categories (indicated in
the graph by “ABC”). Thermal comfort and indoor air quality were the two most studied
categories (16 studies). Finally, when a single category was analyzed individually, thermal
comfort was the most investigated aspect (17 studies), followed by light, in 10 papers.
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Table 6. Number of studies per category.
Legend Parameter/s Number of Papers

A =lighting A 10

B = acoustic environment B 3
C = thermal comfort C 17

D = indoor air quality D 3

AB 4

BC 7

CD 16

AD 1

ABC 12

BCD 4

ACD 5

ABD 3

ABCD 68

4. Some Future Work, Suggested by the Literature

Thanks to the information provided by the extensive literature analyzed, some useful
elements for future research are reported below, with the aim of supporting studies and
providing insights on the use of the POE methodology to improve the quality of indoor
environments and to ensure greater well-being for people who live in, work in and use
these spaces, as follows:

Apply the POE for cost-benefit analyses.

Adopt larger samples to draw conclusions with greater statistical power.

Apply multi-criteria assessment approaches to better represent the occupants” satisfaction.

Due to the cultural differences, the results and recommended solutions of the POE’s

applications might not be necessarily generalizable to other contexts. Therefore,

models that allow the transfer of results are a relevant requirement.

e  Conducting a study focusing on individual differences in the sensitivity to the IEQ
would be helpful to address the generalization limitation.

e Develop and test exemplary standards that provide market companies, professionals
and decision makers with the most applicable procedures at the same time.

e  Future studies using occupant voting systems need to be conducted over a long period
(at least 30 days), or that, at least, introduce interventions to create high variations in
indoor conditions and occupants’ voting patterns.

e  Greater diffusion of the use of the POE to include repair, maintenance and refurbish-
ment projects.

e  Develop interfaces and communication supports that allow the results of the POE to
be applied in signaling the elements of the building that are the source of the problem
to the occupants and to the designers employed to find solutions.

e  Use the POE on the diverse responses of occupants (e.g., psychological, cognitive, physi-
ological and emotional) for different project solutions through a virtual environment.

e  Conduct post-COVID-19 assessments through POE application.

5. Conclusions

We have presented a critical analysis of the main results concerning the application
of the POE in the evaluation of the IEQ of indoor environments, as a support for the
improvement of internal comfort and user responses in terms of, for example, productivity
in the field—in the case of indoor environments—and work or satisfaction—in the case of
the inhabitants or customers of a public body.

The vast bibliography available on this subject has been analyzed according to specific
aspects, as follows: year of publication; journal; case study; country; the purpose of
the study; the type and number of the buildings analyzed by each author; the terms
of involvement of the buildings” users; the number of responses collected; the elements
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considered; the type of factors that make up the IEQ dimension considered; any physical
parameters measured that provide a clear picture of the current literature to researchers
and practitioners; and some proposals for further research agendas, which could address
the current literature’s limitations.

The conclusions of the study, including some limitations, are as follows:

e  There are many scientific studies describing case studies on the application of POE.
The number of these studies has grown significantly, especially since 2015. The last
years of research (especially 2020 and 2021) have been particularly attentive to this
issue. This highlights the importance of this tool, which is still extremely widespread,
despite being available for more than 60 years.

e  Scientific research, from a geographical point of view, is well distributed among the
different regions of the world, including many developing countries (e.g., Nigeria,
Ghana, Liberia, Sri Lanka and South Africa).

e  The use of the POE pursues the main objective of evaluating occupant satisfaction
and IEQ comfort. It has also demonstrated its ability to support technical actions to
improve the performance of indoor environments, e.g., for design, maintenance, etc.
This testifies to the flexibility of the POE and its ability to meet different needs.

e  First and foremost, offices, schools, and private residences are the target audiences
for surveys that are conducted through the POE. However, there is no shortage of
applications in specific contexts, such as hotels, hospitals, museums and churches.
This aspect also enhances its flexibility

e Digital tools for conducting questionnaires have made it possible to obtain a very
high number of responses, thus broadening knowledge and increasing the statistical
representativeness of the samples analyzed. Traditional approaches (such as personal
interviews) are still used, and they provide significant results in terms of the detail
and accuracy of the data collected.

¢ Quantitative measurements are often also associated with qualitative interviews,
through the monitoring of specific physical parameters. These assessments generally
concern the different categories of indoor parameters, such as thermal comfort, indoor
air quality, light and the acoustic environment. Temperature, humidity and atmo-
spheric pressure are parameters that were measured in almost all the case studies that
we evaluated, perhaps because of the low cost of the tools required. The variables that
best represent the other categories were detected less frequently (but still significantly).
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