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Abstract The goal of this work is to provide a state of the art about POE fields of
use, opportunities, weaknesses and tools, which is currently used to perform POE
combined with BIMmethodology. The application of POE on existing buildings can
provide a large amount of data on actual uses, supply needs and users’ behaviour:
the main aspect is to explore the potential application of IoT sensors and Machine
Learning techniques to POE.
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1 Introduction

Several analyses carried out since the 1990s established a ratio of 1:5:200 over the
life of a 30-year-old office building, in relation to construction, maintenance and
operating costs respectively (Wu and Clements-Croome 2007; Evans et al. 1998):
costs associated with the operational phase have a significant impact on the total
cost of the building life cycle. It is necessary to optimize the process of building
management in this phase to ensure functionality and efficiency. Actual uses of
spaces, supply needs and users’ behaviour have strong impacts on functionality and
consumptions (Bento Pereira et al. 2016; Zimmerman and Martin 2001) and can
cause higher consumptions of energy, space or resources. This, in turn, can result
in additional costs or lower quality of available services and, in any case, in lower
satisfaction of users. Despite its importance to optimize building performances and
consumptions, users’ feedback is not even investigated (Royal Institute of British
Architects (RIBA) 1965; Cooper 2001). Unless these aspects are managed during
the operational phase, it is hard being aware of possible issues in terms of quality or
higher costs.
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In this context, post-occupancy evaluations (POEs) can lead to an improvement in
the above issues. POEs, that are also called ‘building-in-use-studies’ (Preiser 2010),
were defined by RIBA as systematic studies ‘of buildings in use to provide architects
with information about the performance of their designs, and building owners and
users with guidelines to achieve the best out of what they already have’ (Royal
Institute of British Architects (RIBA) R.S.G. 1991). POEs can provide predictive
data to improve buildings’ use and management (Leaman et al. 2010).

First applications of POEs started in the 1960s, but the main development of
POEs’ theory and strategy has been carried out since the 1980s, as a tool for facility
management and design phases.

This work provides a state of the art about POEs, including POE’s opportunities
and weaknesses, an overview of subjects involved and a resume of available tools
to perform POEs. A systematic approach was adopted to review related publications
and research gaps and further developments are finally presented.

2 Opportunities

POEs can improve the management of existing buildings and the design of new
ones, providing more efficiency and user satisfaction. POEs benefits are shown in
the following flow (Fig. 1).

Moving from short-term benefits to medium- and long-term ones, the effort
required increases, but the effects are spread from the operational phase to the whole
life cycle. Benefits and drivers provided by POEs are reviewed in Table 1.

Drivers show the usefulness of POEs to improve existing and future buildings.
They could provide savings in terms of resources, costs, and time, aswell as increased
user satisfaction. Referring to feedback for the design process, however, it may take
a long time to obtain valid and consistent data to define databases. Increasing user
satisfaction can even be a hard result to achieve with very fast user turnover. In
addition, there are some weaknesses relating to POEs highlighting several limits to
the spread of this kind of analyses that are presented in the following paragraph.

Fig. 1 Definition of short-, medium- and long-term benefits of POEs (Preiser 2010 adjusted)
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Table 1 Opportunities of POEs

Continuous improvement The large amount of data of actual uses can provide
valuable information for continuous improvement of
building operational stage, the short-term benefit of
POEs (Zimmerman and Martin 2001; Preiser 2010)

Analyses can provide predictive information (Leaman
et al. 2010) for building operational phase in order to
define accurate and specific management plans

Increased users’ satisfaction POEs help to determine whether the initial conditions
ensure comfort and user satisfaction in the operational
phase, and results can be used to both rectify
weaknesses and inform next projects (medium-term
benefits of POE application (Preiser 2010))

Feedback for design process POEs allow to improve future designs, removing or
modifying spaces that are not producing the expected
function in existing facilities, according to actual
needs (Zimmerman and Martin 2001). As a result,
user satisfaction and building efficiency would
increase

POEs collect robust data on usage patterns (Leaman
et al. 2010) producing valid, reproducible and
generalizable results, leading to the definition of
design criteria and guidelines relating to the building
function and type of users (long-term benefits of POE
application (Preiser 2010; National Research Council
1987))

Reduction of energy consumption POEs help defining whether the building’s
performance is negative or positive

The influence of users’ effective behaviour on usage
patterns and consumptions of the building can be
defined (Straka and Aleksic 2009)

Benchmarks and standards are available for energy
performance and indoor air quality monitoring,
resulting in easier data analyses and evaluation

Reduction of operational phase’s costs Lower need for adjustments once buildings are
occupied results in lower costs

Efficient use of buildings, i.e. limiting heating,
cooling, resource use, cleaning activities and spaces
management only to occupied areas and during
operating hours, can optimize consumptions and lead
to cost savings
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3 Weaknesses

Traditionally, POEs are not part of the standard in common practice, despite the
advantages introduced in the previous section. Some obstacles to the dissemination
of POEs are investigated as follows (Table 2).

The barriers stated above involve most of the actors of the building design and
management process, limiting the application of this type of analysis.

The lack of awareness of the main goal and benchmarks, on one hand, causes the
collection of useless data or to over/low-detailed analyses. The result is the increasing
of costs and complexity of POEs. The lack of indicators referring user’s needs, on
the other hand, precludes the definition of whether POEs show positive or negative
results.

Table 2 Barriers to POEs

Standard practice There is institutionalized pressure in AEC industry to carry on with
standard practice and not to innovate, to avoid any delay in financing,
approvals or design processes (Lovins 1992)

AEC industry specialists are neither interested in actual usage patterns
nor in the analyses of building performances and weaknesses, once
occupied (Leaman et al. 2010)

Benchmarks Users’ needs depend on their age, features, occupation, etc. (Bento
Pereira et al. 2016) resulting in their difficult definition

Each building specialist taking part in the building life cycle has its
own targets, performance requirements, outlook, technical language
and incentives to achieve their goals. Clients, in turn, are placing
ever-increasing demands on buildings (Preiser 2010). Besides this, in
many cases clients’ and specialists’ requirements are different from
users’ needs (Zimmerman and Martin 2001). This fragmentation of the
AEC industry and lack of shared goals results in huge efforts to define
benchmarks

Thresholds should even be defined in relation to each type of building,
whether residential, service or commercial buildings

Liability POEs can highlight current issues of existing buildings: low user
satisfaction, usage patterns producing waste of energy and resources,
poor indoor environmental conditions and inefficient energy
performances. Liabilities resulting from an awareness of the real
conditions of buildings create resistance of AEC industry in the use of
POEs (Zimmerman and Martin 2001; Leaman et al. 2010)

Users’ reluctance POE performing appears as a discomfort and a restriction on user
privacy

Users are reluctant to take part in this kind of analyses as a result of the
effort required

Implementation costs Monitoring by means of sensors and devices can be expensive
especially to large buildings

High levels of details in the analyses cause even increased costs
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Referring to liability, several rented out building owners will be reluctant to carry
out analyses such as a POEs that could reveal weaknesses of their building compared
to similar ones. As a result, Zimmerman and Martin pointed out that tenants would
move out, producing a reduction in revenue. They define this mentality as ‘ignorance
is bliss’ (Zimmerman and Martin 2001): building managers and owners reject inno-
vative methods that generate better or more complete information, since they can
result in lower profits.

It is clear that costs of application are a further obstacle to the spread of POEs
and, as mentioned above, researchers should consider a level of detail according to
the criticism detected with a basic survey. This avoids collecting unnecessary and
oversized data on lower critical areas or topics. Indeed, the lower the costs and the
shorter the application time, the better. This, in turn, can increase the cooperation of
users and occupiers and may limit users’ opposition to carrying out the analyses.

4 Actors Involved

Once drivers and obstacles to POEs were discussed, positive and negative aspects
related to the actors involved in the design and management process were investi-
gated. Each AEC industry specialist and stakeholder has its own goals to achieve, as
well as targets in terms of building performance and negative impacts to avoid, as
shown below (Table 3).

The observed aspects point out the need for attention in carrying out this kind
of analysis considering the possible negative consequences on the different actors
involved.

5 Tools and Levels of POEs

Users’ reluctance towards POEs, one of the barriers outlined above, has a strong
impact on the selection of how a POE is performed. In this sense, the three levels of
detail of POEs are defined (Preiser 2010) as

• Indicative POEs;
• Investigative POEs;
• Diagnostic POEs.

The more in-depth and invasive the analyses are, the more reluctant users will be
(Fig. 2).

Indicative POEs can be indeed used for an overall analysis of the building to
identify the main issues. The aim is the identification of the most critical areas
and aspects, which are therefore object of more in-depth analyses. Observations,
on-site photographic surveys and interviews are used in indicative POEs; they are
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Table 3 Actors involved and pros–cons of POEs

Actor Pros Cons

Facility owner Better end product creates value
for money invested (Meir et al.
2009)

Overemphasizing on
malfunctioning and hazardous
buildings (Meir et al. 2009)

Building manager/owner Optimization of existing and
future buildings (Leaman et al.
2010): more efficient buildings,
lower consumptions and
maintenance costs

Overemphasizing on
malfunctioning and hazardous
buildings (Meir et al. 2009)

Users Increasing healthy conditions,
comfort and productivity

Analyses can be invasive such
as interviews

Hard to provide objective
feedback

Design teams Feedback from previous
occupied facilities can improve
future projects and gain a
competitive edge over other
specialists, resulting in
increased fees/additional work
and better future designs

Reluctance to use POEs since
early planning due to the
complexity of managing large
amounts of data and the need
for coordination between
disciplinary teams

Institutional stakeholders Promotion of better design and
building practices (Meir et al.
2009)

Costs of performing POEs
especially in large buildings

Increasing longevity of
buildings minimizing the need
for changes (Meir et al. 2009)

Fig. 2 Indicative, investigative and diagnostic POEs

non-invasive and less expensive analysis tools (Preiser 2010), despite they can be
inaccurate. Another problem concerns interviews, i.e. subjective feelings expressed
by users.

Investigative POEs are more in-depth analyses adding questionnaires, video
recordings and local measurements (Preiser 2010). These tools can be invasive refer-
ring to user’s privacy. Questionnaires show the same problem as interviews, subjec-
tivity, therefore objective indices to evaluate the building performances should be
set.
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Diagnostic POEs are detailed analyses involvingwidespread and continuousmon-
itoring, defining consistent databases (Preiser 2010).Monitoring bymeans of sensors
systems,mostly used to verify building energy consumptions (Marzouk andAbdelaty
2014; Costa et al. 2015; Demian et al. 2018), can provide objective data concerning
the building usage pattern. Sensors technologies allow to compare actual use and
consumptions with the building performance as obtained through simulations during
the design phase (Straka and Aleksic 2009). Design documents’ analysis allows to
identify discrepancy between the way a building should be used and its actual use
defined with the above tools, especially referring to sustainable buildings, whose
improper use can be the cause of potential waste. Despite this benefits, diagnos-
tic POEs are invasive, expensive analyses and provide large amounts of data to be
analysed.

The application of IoT sensor systems can be useful to collect huge amounts of
data, a key aspect to ensure the effectiveness of POE. This is a rapidly expanding
technology in many contexts, and is now consolidated with several research and
applications in the optimization of energy performances.

An in-depth analysis of several publications (Demian et al. 2018) dealing with
the integration between sensors and BIM methodology showed these results: it was
identified that a limited number of publications dealt with the use of sensors in the
operations and maintenance phase (23%) and in the tracing of people and facilities
(12%). It is clear that structured data can be then integrated into the building infor-
mation model; sensors data, saved in the building model, become valuable to keep
information accurate and up to date (Underwood and Isikdag 2011).

Nonetheless, a deep analysis with sensors, besides being limited to critical areas,
could involve a huge quantity of data, as a result of the integration of POEs analyses
with IoT sensors systems. To date, there is an imbalance between data acquisition
and analysis (Ahmed et al. 2017), so it is necessary to define a system for the classi-
fication and analysis of large amounts of data. These structured data can be fed to an
artificial intelligence based on Machine Learning methods (ANN). This could bring
to predictive information for an improvement of building performance and use, that
is one of the main goals of POEs.

6 Conclusions

The state of the art stated above aims to identify the main obstacles to the dissemina-
tion of POEs and to the integration of these analyses into the traditional management
and design process. Furthermore, a review of available tools and their negative and
positive sides can allow an informed choice of the best approaches to adopt, accord-
ing to the level of detail needed. The aim should also be to create fewer negative
effects on actors.

The research gaps identified can be resumed in the following aspects, underlining
potential developments:
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1. Define accurate thresholds and benchmarks to compare collected data.
2. Make owners andmanagers aware of the considerable savings that result from the

application of POEs. At the same time, there is a need to reduce the perceived fear
of POEs producing a decrease in profits. Analyses, indeed,may initially highlight
shortcomings and problems, but once solutions are identified, increased user
satisfaction and predictive information relating to building management during
the operational phase can lead to benefits such as

• Improving users’ perception of carrying out POEs.
• Increasing users’ morale and even productivity at work.
• Cost savings in maintaining and operating facilities, resulting from an efficient
use of spaces and resources.

3. Find the best method of carrying out the analyses depending on lower discomfort
and limitation of users’ privacy. The optimization of the costs of POEs imple-
mentation can also be achieved according to desired outcomes and weaknesses
detected.

POEs could represent an answer to existing issues, both through questionnaires
and interviews to evaluate users’ satisfaction, and by means of sensor for environ-
mental condition analysis. This approach could bring to a complete definition of an
existing building’s conditions. The integration of POEs, IoT sensors technology and
Building Information Modelling could result in a better structuring, archiving and
continuously updating of data coming from POEs.

Further developments may regard the use of Machine Learning techniques to
accurately analyse data and to define predictive information for the operational phase
of a building. The application to case studies can lead to the definition of advantages,
disadvantages and issues of the outlined method. At the same time, databases from
POEs on existing buildings will be used to define guidelines for future buildings
implementation.
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