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Abstract— Surveys, asa tool for data collection, allow usto carry
out exploratory factor analysis studies in an agile, efficient and
economical way. This report consolidates the aspects that define the
behavior of occupants in office buildings together with the external
or internal stimuli that provoke reactions. Consequently, the
objective may or may not be adaptive, to adjust the conditions of the
environment and whose purpose is to preserve the comfort and/or
good quality of the interior environment. For this purpose, two
population samples are chosen for convenience and in different
spaces and periods, to understand and estimate the possible impacts
on electricity consumption in office buildings, of the Technological
University of Panama (UTP).

Keywords: Exploratory factor analysis, surveys, probabilistic
behavior modeling, neural networks, presence detection.

INTRODUCTION

In recent decades, it has been possible to determine that
around 40% of primary energy consumption in large cities in
Europe and the United States has been derived fromactivities
related to the construction sector and operations within
buildings [1][2]. Of which specifically 60% is duetothe energy
consumption of human activities and their interaction with
control systems [3] of buildings such as administration and
operational management of ventilation and lighting, cooling
and/or heating depending on the season ofthe year, as wellas
maintenance within interior spaces in terms of comfort,
satisfaction, and health. With these challenging aspects for
project developers, builders, engineers, and, architects; great
challenges are faced in the challenge of saving money in terms
of energy consumptionand taxes compared to the emission of
carbon dioxide emitted into the atmosphere [4]. While
conserving and continually improving comfort aspects ensuring
that these spaces meet the quality standards of the indoor
environment (IEQ), where levels of occupant presence are
recorded [5][6]. Therefore, the implications ofthe behavior of
the occupants (OB, fromnow on) and their interaction with the
equipment designed for the selected and installed building,
allow the ideal level of well-being in the internal spaces of the
building while optimizing the energy consumption and less
impact on the external environment.

One of the challenges for the development of new
buildings is to fully understand the interactions between
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humans and buildings. Its impact on the performance of the
building becomes key to the optimization and sustainability of
energy use. With the use of modeling and simulation
technology tools, new low-energy building designs are being
created. Therefore, by taking into account the influence ofthe
OB, it will be possible to maximize the designofthe building,
its operation, and modernization, aligned with the fulfillment o f
sustainable development objectives [7][8]. Since the OB is
complex and requires a multidisciplinary approach, some
elaborated studies expose a schematic representation to
facilitate its scope and general basic understanding. It can be
pointed outthatone of its edges is influenced by external factors
such as culture, economy, and climate, as well as internal
factors such as individual preference for comfort, physiology,
and psychology. On the other hand, OB drives occupant
interactions with building systems, strongly influencing
building operations and thus energy use/cost and interior
comfort, which in turn influences the behavior of the occupants
thus forming a closed circuit. At the moment that the scope is
structured in the formand substance of the behavior context,
[9][10][11], Figure 1.

From the research and development of studies carried out
in this area of knowledge, it has been possible to highlight the
greater importance of the interaction of the human being with
the control systems and their respective envelope, categorizing
it, as an inherent part of the dimension of the control system,
energy consumption [12]. Therefore, achieving optimal
conservation by attending to technical and human aspects
represents adouble challenge. Energy consumption in buildings
varies widely due to the way occupants carry out their daily
activities by interacting with various devices such as
thermostats, light switches, air conditioners, etc. Meanwhile,
concerning its envelope, it can be identified: Windows, doors,
blinds, and curtains [13]; which contribute as adaptive
activities, to improve the thermal and visual to the interior
environment. In-office buildings, the fundamental role of the
various activities and situations that register the presence and
occupation of people lies in determining the wide variability
that arises concerning the configuration of comfortandthe use
of energy and involves the interactions of occupants with
energy control systems (thermostatic valves and HVAC system
setpoints), building components (windows, shades, and drapes),
and appliance use (artificial lighting, computers, and cell
phones) [14], who determined that there could be higher energy
consumption during non-working hours due to the OB; by

20th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions", Hybrid Event, Boca Raton, Florida- USA, 18 — 22th July 2022. 1


mailto:miguel.chen%7d@utp.ac.pa
mailto:dafni.mora@utp.ac.pa

leaving lights, plugged-in equipment charging, or just
inadvertently turned on at the end of the day, as well as poor
zoning and building controls [15][16][17].

Consequently, there is a growing need to promote what
could be called energy awareness towards OB and its impact on
energy consumption in buildings; being its interaction with
technology, building design, location, and climate, among
others, the broad way to achieve savings during its use [18].
However, since human behavior is stochastic its analysis can be
expected to involve different approaches to deepen and
understand its essence [19]. Regardless of occupant type
categorized as wasteful to austere, in conjunction with building
technology conceived with net-zero energy performance
designs; statistical analyses, occupancy simulation studies, and
behavioral patterns in open-plan offices could infer that
occupants with a "wasteful" work style consume up the twice
as much energy as standard i.e. non-wasteful occupants. not
austere[20][15][21]. Meanwhile, lean work style occupants are
likely to use half the power of standard occupants. Studies have
shown that energy consumption at the household level varied
greatly depending onthebehavior of residents, and this was an
international phenomenon with no geographical boundaries
[22][23][24].

In Panama, efforts are being made to achieve the energy
transition as described in the roadmap outlined in the National
Energy Plan (PEN 2015-2050) [25], integrating various legal,
technical and economic, factors to mitigate CO, emissions into
the environment within its primary objectives. Within the
proposed plan, the country has created and updated the
character of the standard with the implementation of the rational
and efficient use of energy (UREE) [26]; as well as the adoption
of the sustainable construction guide for energy savings in
buildings [27]. Therefore, knowing the aspects in which
discrepancies between building-human interaction are
generated, the Project of the International Energy Agency
ANNEX 53 [18], involves six aspects to be considered in
energy savings in buildings: Climate, envelope, service, and
energy systems, operation and maintenance of the building,
activities, and behavior of the occupants; quality of the indoor
environment. The last three aspects are closely related to the
OB. According to reports fromthe Public Services Authority
(ASEP) of Panama, there is a distribution of electricity
consumption registered by sector, during thefirst half of 2021,
as follows: Residential 35-48%; Trade 45-30%; Industry 2-5%;
Government 10-15%; public lighting 2-4% [28].

However, quantifying and analyzing the consumption of
electrical energy in a building due to factors of human behavior
linked to the level of comfort satisfaction withinthe premises;
will be one ofthe edges of our study hypothesis. However, for
this purpose we must, know the definition of comfort, as well
as the aspectsthat it involves. Previous investigations [29][7],
indicate that convenience or comfort involves aspects that
closely intertwine the OBand how it uses space, systems, and
services within the building [30][31]; therefore, energy
consumption is linked due to internal climate adjustments or

specifying how theactions and reactions of a person in response
to stimuli, whether internal or external; they suggestbeing part
of a cluster of observations that manifest a process of
adaptability to conditions such as temperature, visualization,
and acoustics at a giventime [32][9].

Similarly, predecessor research related to occupant
behavior [33][34], is treated with a multidisciplinary approach.
A conditionthatis tobe expected, sincethe scenarios related to
comfort and energy use are notrecognized as a basic and simple
relationship through physical parameters. Therefore, it is
required to establish facts through the description of each
discovered layer of social, contextual, and group interactions
which, dependingon individual motivations, formthe key
dimensions of human-building interaction, as outlined in Figure
1. Among the essential dimensions to highlight about said
interaction, we have:

a) Behavior drivers, (D)

b) Needs ofthe occupant, (N)

¢) Actions performed by theoccupants, (A)

d) Construction systems onwhichtheoccupantsact. (S)

As specified in the Theory of Planned Behavior (TPB)
[35], motivations are driving behaviors and can be assumed as
a surrogate to describe actual behavior. As studies on the
occupants behavior are expanded using questionnaires, to
conduct interviews, it is conjectured that the confirmed
motivation is the immediate antecedent of the behavior. In
consequence, the investigations carried out to date, focus on
direct observations with sensors, for example, thermographs,
which do not correspond to self-reported data [36]. Such
characteristics occur in the social sciences environmentwhere
they deal with this type of data or with latentvariables such as
motivations, beliefs, perceptions, emotions, and attitudes. Thus,
when, the respondent's behavior is considered true, it will act as
a latent variable for real control and may contribute to the
prediction and estimation of behavior. When using the
methodology of survey applications as a strategy [37][10], it
has been possible to broaden the understanding of occupant
behavior as well as comfort requirements in office and
residential buildings. This type of study through surveys, hasa
low response rate of around 11% -16%, despitethe incentives
that can be offered to the participants [23][38].

Habits Impulses (D) Comfort
Needs (N) Occupant Behavior System(S)
Intentions Actions (A) Control

Source: selfmade
Fig. 1 Conceptual framework generating the behavior of the occupant

20th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions", Hybrid Event, Boca Raton, Florida- USA, 18 — 22th July 2022. 2


https://www.iea-ebc.org/Data/publications/EBC_PSR_Annex53.pdf

Il. METHODOLOGY

The structuring of a questionnaire [10][39], is intended to
provide a standardized qualitative description of the driving
factors that tend tomotivate the actions of the occupant's
behavior (OB), within their respective office workspace.
Beyond beingdescribed asa simple approach toan individual's
behaviorand the factors that influence it. It is framed from its
broad context, to obtain in a generalized way the aspects of
human behavior attending to its essence from individuality to
the community, gender, norms and social perceptions,
geographical, climatic, socioeconomic, demographic, and
cultural aspects [11]. To generate a new interdisciplinary
framework is systemgenerates a building approachandsocio-
psychological theories, the exchange of socio-technical
knowledge, and learning about the interaction phenomena
between man and the building. Therefore, with this approach,
the study begins with theelaboration of a questionnaire and the
associated measurements will provide information based on
data to support the validation of the theoretical framework from
the multidisciplinary perspective. The interdisciplinary data
collection through the questionnaire contributes to transforming
the discovered knowledge into behavior-based energy
efficiency solutions, taking into account not only energy
metrics and physical properties of building characteristics but
also the contextual aspects related to the energy and profile o f
the OB within the workplace.

Most research related to OB defines it based on occupant
movements [40][37] and control actions on the equipment or
control devices of the building [14][9]. Likewise, it has been
indicated thatthey can bedivided into two aspects: Occupancy,
which refers to the rate within the building; and occupant
control behaviors on building devices, including windows,
doors, shades, air conditioning terminals, lights, and equipment
(TVs, computers, printers, etc.). Thecollected datacorrespond
to four buildings, within the University Campus, of whichthree
correspond to faculties and one is destined for administrative
activities in its entirety.

Some studies classified occupant behaviors with direct energy
consumption results and time energy use data so that the
classification rules were not determined in advance. The
authors [20][41] identified 10 distinctive behavioral patterns
through unsupervised cluster analysis in light of direct energy
consumption results and energy time use data. Similarly, in
other research [42], a group of buildings was classified by
algorithms, where each group contained a very similartype of
occupant behavior. In addition to the occupant behaviors
described above by classification, [9][10] presented a DNAS
theory to describe occupant behaviors. The DNAS theoretical
framework provides a standardized way of representing
occupant behaviors from four perspectives, namely drivers,
needs, actions, and systems, Figure 1; that can be applied to
guide behavior program design, implementation, and
evaluation, and facilitate the integration of occupant behavior

models with building simulationtools. Theresulting self-report
characteristics questionnaire is a combination of key questions,
arising froman exhaustive review of the survey literature whose
occupantbehavior questionnaire [9], the Humphreys principle
of occupant interaction with control systems in buildings [43]
[44], traditional theories [24], and adaptive comfort [11]
merged with social science theories [4][10][36].

The questionnaire explores the extent to which behavior related
to the indoor environment and building control devices are
intertwined in workspaces and at the same time how this is
driven by an individual motivational sphere influenced by i)
comfort requirements, ii) habits, iii) intentions and iv) actual
controlofbuilding systems (Table 1).

Studies related tothis research have structured the scheme
of motivation-opportunity-ability (MOA) factors to analyze OB
[4], figure 2, which is in charge of annexing socio-
psychological constructs of the Norm Activation Model (NAM)
and the Theory of Planned Behavior (TPB) to investigate the
determining factors of human behavior to save energy,
specifically of offices in university buildings [35][39].

CHANCE BEHAVIOUR ABILITY

|

Control
Accessibility

Knowledge

Perceived

Satisfaction

Real

exposure and peer
pressure

Environmental and

Relevance, interest, and
perceived implications

Knowledge Level
and skills

interpersonal barriers

Source: selfFmade

Fig. 2 Conceptual structure of motivation - opportunity - ability, for the
analysis of the occupant's behavior

2.1 THE SURVEY QUESTIONNAIRE

The theoretical framework of DNAS can effectively solve the
problem of inconsistency of standards in the process of
describing the behavior of occupants and can make the research
on OB in buildings more standardized and systematic.
Therefore, the questionnaire has been adapted by selecting a
group of questions corresponding to each ofthese perspectives
orfactors. See table 1.
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TABLE |
CONCEPTUAL STRUCTURING OF THE QUESTIONNAIRE
Factors Context Targeting
Knowledge Royal control
Perceived control
O
o
=1 Ability Perceived access
3 Perceived
- impairment
Technology Perceived
achievement
Adaptive Past behavior
psychological Response
automaticity
T Social Social norms
%’- Employment role
5*' Environmental
factors
Contextual Country of origin
Work routine
Physical environment Thermal comfort
@) Visual comfort
% Parameters Indoor Air Quality
1AQ)
= _ (
=1 Physiological Age
Gender
—_ Awareness of the Perceived subjective
= consequences norms
f_::'i Respons!bilily Perceived social
= situation norms
> Attitude Perceived will

Source: Project Annex 66

To reference questionnaire was the one defined in Annex 66
[2]. And based on the proposed framework of the research, a
guestionnaire was designed with 55 previously selected
questions to carry out surveys. The variables are measured
through Likert-type scales or control questions. Each question
in the questionnaire is implemented within the SPSS IBM®
Software environment and represents one or more independent
variables, correlated with a variable 1D, to articulate the
measures of the investigation. Each survey responseis recorded
throughthe program. Survey data remains anonymous and no
personally identifiable or sensitive data is collected; tocomply
with privacy requirements.

For the execution of the respective surveys, the samples are
chosen for convenience and in different periods due to the
current decreed situation of public health. The questionnaire
was prepared in Microsoft Forms® and was sentby email to the
people, whose profiles correspond to students, professors-
researchers, and, administrative staff. The character of this
research is exploratory and was carried out through a mixed
approach, in conjunction with exploratory factor analysis (EFA,
from here on) which involves the analysis of qualitative and
quantitative data. Since the structuring of the questionnaire is
mainly based on the DNAS ontology to define the profile of the
OB related to building control systems [10]. In this context, the
objective of the experimental research is to generate an

additional dimension of knowledge about the behavior of the
human being and its link in office buildings, to increase the state
ofthe art and homologation.

Preliminarily, the dataofboth surveyed groups are audited (p =
72). Where the firstsurvey corresponds to a group of 53 people
(n=53), whose response rate corresponds to 100%, while the
percentage of complete records represents 63.01%.

The second survey is represented by a group of 19 people
(n=19). Of which a response rate of 100% was obtained
however the percentage of complete records corresponds to a
percentage of 82.14%.

2.2 DEFINITION OF ANALYSIS FACTORS

On the otherhand, regarding the conceptual framework on
which the questionnaire was structured, four major agents of
interest that frame and define the OB stand out. There are
control, habits, comfort, and intentions. Each one represents a
factor of an experimental nature from which a series of
relationships emerges between those actions/reactions,
internal/external stimuli that determine the reasons why
adjustment of the interior environment is sought, among some
purposes, as well as the optimum quality of well-being in a
certain period and space in the building. The scope of the
analysis on each factor is broken down into dimensions that
concern the approach, context, questions, and assessment
scales; be these qualitative and/or quantitative. In some cases,
the experimental multifactorial approach [39][45], models
possible scenarios related to each ofthe control factors, habits,
comfort, and intention and consequently achieves the
estimation of which variable(s) in each dimension represents
the greatest significant relevance; with which it would be
possible to predict in each case its level of impact, scope and
above allto know the future trend by which the occupant under
a certain condition makes decisions to adjust his environment
(IEQ) and with this detect its incidence in energy consumption.
With a previous selection of stimuli within your work
environment, which correspond to the state of the building
envelope, such as HVAC system control, building operation
and maintenance system, climate, quality of the internal
environmentaswell as related comfortto acoustics, [46][18].

The neural network system, multilayer perceptron (MLP),
is used to identify and estimate the most determining variables
(v_ID) inherent to OB, on a previously established scenario
through the discernment of data acquired through the survey
carried out. With the support of neural networks (MLP), the
predictors are detected, which helps to classify datafromthe
possible universe of drivers and consequently categorize them
to infer of which may have the greatestimpact ontheelectrical
energy consumption of the enclosure. Generically, the
topologically proposed model corresponds to the one proposed,
figure 3.
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Source: Neural Networks and applications [47]
Fig. 3 Topology ofaneural network

Where the generic input function is expressed as a vector li,
which can be writtens, is indicated in (1).

li= (inize Wiz) * (inize Wi2)*... (iNin® Win) 1)

Where, n corresponds to thenumber of inputs to the neuron N;
and w; to theweight.

* represents the appropriate operator to be used, be it maximum
(2), sum(3,) orproduct (4):
M/ax(n,.,. w;) conj=1,2,..,n

)

n,w.|, conj=172 ..,n
Z( s l_/)

J

H(ni, wi,), con j=1,2,..,n
i 4

The transfer function used corresponds to (5),

—

3)

) =expl®™ [ Zjexp® (5)

Where the activation function {c) takes a vector of real-valued
arguments and transforms it into a vector whose elements are in
the range (0, 1) and add to 1. Which is only available if all
dependent variables are categorical.

The error made by the systemcorresponds to the formdescribed
in (6), where the model will make predictions of the form

Ag]g f(x); thereforeOwill only be an estimate of the real value
.

Error (x) =E/(0-y)A1=E[({(x) - )2 (6)

Il CASES AND RESULTS

Case |- Control

The cross-relationship between the responsibilities to preserve
comfort versus the knowledge of controlling energy
consumption within workstations. A recorded 70% of the
population said they can control the consumption of electricity.
However, 64% of the control is by centralized autonomous
design; in turn, 26% is due to the supervisor and 10% falls to
the employee. (Chi?=2.985, df =5, probability =.703).

Likewise, other evaluations were carried out where the
respondents are located in different buildings. Estimating the
probabilistic distribution, as well as detecting the variables with
the greatestimpact linked to electricity consumption, ultimately
corresponds to identifying the predictor element. With 83.3%
accuracy, it can be inferred that within the context of inherent
human ability and the study of OB, our multilayer model (MLP)
records thatthe mostimportant predictor is knowledge in terms
of optimizing the use and consumption of information. Energy
with (34%) as part ofthe devices related to the control system
(HVAC, lighting, etc.) while having the knowledge control to
adjust the thermostat within the internal environment of the
workstation represents significant relevance (23%); as see
Tablell.

TABLEII
PROBABILISTIC DISTRIBUT ION

Ask V ID Relevant

How satisfied are you with your degree of | Q2.3CT 0.01
control/ability to feel comfortable?

Who is responsible for controlling comfort in
your workplace?

Q2.1CT 0.01

Do you have control to turn light switches on or
off in your workspace?

Q2.6CT 0.05

How would you rate your knowledge in terms of
controlling energy consumption in your office?

Q2.0CT | 034

Do you have control to open or close the blinds
or curtains in your workspace?

Q2.4CT 0.22

What are your main perceived impediments to
interacting with control systems?

Q2.2CT 0.13

Do you have control to adjust the thermostat (set
the Operating Temperature of the air
conditioner) in the workstation?

Q25CT | 023

Source: selfmade

Case I1—Habits

Structured the series of questions toachieve a more exhaustive
analysis ofthe habits factor described in Table I1I.

The results show a correct overall percentage of 87.5%. And
whose precision is around 74%thatthe most relevant predictors
correspond to the variables Q3.15HB (20%) related to the
description of the workspace? And also the natural light
Q3.6HB (18%).

TABLE 11l
PROBABILISTIC DISTRIBUTION
Ask V_ID Relevant
Indoor environmental control preference in Q3.1HB 0.04
your office space
Remove/add layers of clothing Q3.8HB 0.12
How would you best describe your | Q3.15HB 0.20
workspace?
Do you have a formal dress code in your Q3.4HB 0.16
office?
With the wind chill of your work area Q3.5HB 0.08
With the natural light of your work area Q3.6HB 0.18
Close curtains/blinds to prevent overheating Q3.7HB 0.10
How would you best describe your job? Q3.13HB 0.01

Source: selfmade
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Case 11— Comfort

The most significant predictors related to this factor are broken
down as shown in Table IV.

Q1.4CF (26%) falls on the aspect of visual comfort within the
workstations; Q1.6CF (18%) is also closely linked to any
possible source of visual discomfort in the work environment;
while Q1.2CF (16%) corresponds strictly to the thermal
sensitivity within the interior environment of the building.

TABLE IV

PROBABILISTIC DISTRIBUTION

Ask V_ID Relevant
Rate your typical visual comfort satisfaction Q1.4CF 0.26
How do you describe the sources of your visual Q1.6CF 0.18
discomfort?
How do you rate wind chill?
How do you perceive the air quality in your

QL2CF| 0.6
QL.3CF 0.13

workplace?
How do you describe the sources of your CAI Q1.7CF 0.12
discomfort?
Age range Q1.0CF 0.09

Do you open windows when you feel cold? Q2.5CT 0.02

Source: selfmade

Case IV —Intentions

About the distribution of probabilities, Table V, it is
categorically inferred that adjusting windows or any other
device in the building toimprovethestate of well-being within
the workstation is the most important predictor element.
Therefore, the sumQ4.41T + Q4.10IT can be considered in its
entirety since both converge to the same predictor, therefore its
value is (31%).

TABLEV
PROBABILISTIC DISTRIBUTION
Ask V_ID Relevant

What type of reward would you be willing to Q4.7IT 0.08
receive to motivate you toward energy-saving
behaviors?
Will saving energy at my workplace reduce my Q4.1T 0.09
comfort_level?
Reducing the comfort in my workspace will Q4.2IT 0.10
reduce my productivity
What are the benefits for you of adopting Q4.61T 0.11
energy-saving behavior in your workplace?
What are, in your opinion, the barriers to Q4.51T 0.14

overcoming disposition into a habit?
Are you willing to use windows/other devices
to get comfortable?
How do you decide to adjust the quality of the
indoor environment in your office (thermostat
temperature, opening/closing windows,
curtains, and lighting)?
Are you willing to use windows/other devices
to save energy in your workspace?

Source: selfmade

Q44T 0.15

Q4.101T 0.16

Q4.31T 0.17

IVV. CONCLUSIONS

The study presents the results of theapplication ofa survey
to occupants of university office buildings in Panama. The data
collection was carried out during the critical public health
period decreed. The target population was selected for
convenience. Certain limitations allow defining the scope of the
study, suchas:

1. Therespondents participation is kept anonymous.
They do not take into account gender, metabolic
activity, age, race, or socioeconomic level.

2. Data whose purpose is the monitoring of electricity
consumption data are not contemplated. This will
allow follow-up to futureresearch.

3. The questionnaire was adapted from the original
ANNEX 66 project and modified to thespecific local
environment, considering the four study factors:
Comfort, habits, intentions, and control.

The results of the analysis provided in each case of analysis
of the predictors of greater influence inherent to the OB, for
which they are listed below.

Case | - Control Factor

The predictor element (Q2.0CT) with a 34% registered
probability, linked to the ability context and perceived control
focus area, represents the greatest variable determining
knowledge to control energy consumption. Meanwhile, another
predictor element (Q2.5CT) linked to the current control
context registered a 25% probability of incidence on the
possible impact onenergy consumption, this predictor is called
thermostat control.

Case |- Habit Factor

The predictive elements (Q3.15HB) and (Q3.6HB) with a 20%
and 18% probability registered, respectively, represent the
largest variables; both determinants and potential elements that
impact the energy consumption of the building. However, it can
be indicated that even though their contexts are different, the
first is aimed at the environment and environmental factors,
while the second is adaptive in naturedto pastbehaviors.

Case Ill- Comfort Factor

Unlike the previously mentioned cases, within the comfort
factor, both predictors with the highest weight fall on the same
dimension, that is, the same context and area of focus, that is,
internal environment and visual comfort. Each of the predictors
(Q1.4CF) visual comfort and (Q1.6CF) source of visual
discomfort, reported a 26% and 18% probability of influencing
the building's electrical energy consumption. Which between
the two represents 44%.

Case IV - Intentions Factor

This factor is largely represented from the context of attitude
and whose approach is oriented towards the perceived
willingness to use envelope devices to obtain possible savings
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in terms of energy consumption in the building. The predictor
described (Q4.3IT) is to use the window to obtain comfort
within the space or workstation. Its value fluctuates by 17%.
Which link is established between the willingness to save and
the use of the devices of the envelope to feel comfortable, which
represents (Q4.41T) 15%. Therefore, belonging to the same
dimension, it can be indicated thatboth represent 32%.

ACKNOWLEDGEMENTS

The authors would like to thankthe Faculty of Mechanical
Engineering at the Universidad Tecnolégica de Panamé for
their collaboration. Part of this publication has received funding
from the National Secretariat of Science, Technology, and
Innovation (SENACYT) under the project code FID18-056,
and the Sistema Nacional de Investigacion (SNI).

REFERENCES

[1] M. Alvarez-Verdugo, “LA AGENCIA INTERNACIONAL DE LA
ENERGIA EN EL ESCENARIO ENERGETICO MUNDIAL Y SUS
RELACIONES CON ESTADOS NO MIEMBROS THE
INTERNATIONAL ENERGY AGENCY IN THE GLOBAL
ENERGY LANDSCAPE AND ITS RELATIONS WITH NON-
MEMBER STATES.”

[2] D. Yan et al., “IEA EBC Annex 66: Definition and simulation of
occupant behavior in buildings,” Energy Build., vol. 156, pp. 258—
270, 2017.

[3] J. M. Cansino and U. De Sevilla, “El reto de la eficiencia energética

en Europa y el riesgo del efecto rebote The Challengue of Energy
Efficiency in Europe and the Rebound Effect * sRisk,”vol. 11, no.
April 2018, pp. 269-289, 2020.

[4] D. Li, X. Xu, C. Fei Chen, and C. Menassa, “ Understanding energy-
saving behaviors in the American workplace: A unified theory of
motivation, opportunity, and ability,” Energy Res. Soc. Sci., vol. 51,
pp. 198-209, 2019.

[5] M. S. Zuraimi, A. Pantazaras, K. A. Chaturvedi, J. J. Yang, K. W.
Tham, and S. E. Lee, “Predicting occupancy counts using physical
and statistical Co 2-based modeling methodologies,” 2017.

[6] P. Anand, D. Cheong, and C. Sekhar, “ A review of occupancy -based
building energy and IEQ controls and its future post-COVID,” Sci.
Total Environ., vol. 804, p. 150249, 2022.

[ A.J. Sonta, P. E. Simmons, and R. K. Jain, “Understanding building
occupant activities at scale: An integrated knowledge-based and data-
driven approach,” Adv. Eng. Informatics, vol. 37, pp. 1-13, Aug.
2018.

[8] B. Dong and B. Andrews, “Sensor-based occupancy behavioral
pattern recognition for energy and comfort management in intelligent
buildings,” IBPSA 2009 - Int. Build. Perform. Simul. Assoc. 2009, pp.
1444-1451, 2009.

[9] L. Yang, S. Liu, and J. Liu, “The interaction effect of occupant
behavior-related factors in office buildings based on the DNAs
theory,” Sustain., vol. 13, no. 6, 2021.

[10] S. D’Oca, S. Corgnati, A. L. Pisello, and T. Hong, “Introduction to
an occupant behavior motivation survey framework,” Clima 2016,
no. May 2016.

[11] S. D’Oca, C. F. Chen, T. Hong, and Z. Belafi, “ Synthesizing building

physics with social psychology: An interdisciplinary framework for

context and occupant behavior in office buildings,” Energy Res. Soc.

Sci., vol. 34, pp. 240-251, 2017.

Khashe, A. Heydarian, J. Carneiro, and B. Becerik-Gerber,

“Exploration of building-occupant communication methods for

reducing energy consumption in buildings,” Commun. Comput. Inf.

Sci., vol. 529, no. August, pp. 558-563, 2015.

[13] S. D. Oca, A. Laura, M. De Simone, V. M. Barthelmes, T. Hong, and
S. P. Corgnati, “ Human-building interaction at work : Findings from
an interdisciplinary cross-country survey in Italy,” Build. Environ.,

[12] s.

vol. 132, no. September 2017, pp. 147-159, 2018.

[14] B. Moreno, F. Del Ama Gonzalo, J. A. Ferrandiz, B. Lauret, and J.
A. Herandez, “A building energy simulation methodology to
validate energy balance and comfort in zero energy buildings,” J.
Energy Syst., vol. 3, no. 4, pp. 168-182, 2019.

[15] S. Pan et al.,, “Energy Waste in Buildings Due to  Occupant
Behaviour,” Energy Procedia, vol. 105, no. 0, pp. 2233-2238, 2017.

[16] K. Christensen, R. Melfi, B. Nordman, B. Rosenblum, and R. Viera,
“Using existing network infrastructure to estimate building
occupancy and control plugged-in devices in user workspaces,” Int.
J. Commun. Networks Distrib. Syst., vol. 12, no. 1, pp. 4-29, 2014.

[17] M. Ashouri, B. C. M. Fung, F. Haghighat, and H. Yoshino,
“Systematic approach to provide building occupants with feedback to
reduce energy consumption,” Energy, vol. 194, p. 116813, Mar.
2020.

[18] A. A. Adewale, A. |. Adekitan, O. J. Idoko, F. A. Agbetuyi, I. A.
Samuel, and IEA, “Final Report Annex 53. Total energy use in
buildings Analysis and evaluation methods,” Cogent Eng., vol. 5,no.
June, pp. 1-18, 2016.

[19] S. Carlucci et al., “Modeling occupant behavior in buildings,” Build.
Environ., vol. 174, p. 106768, 2020.

[20] S. Zhan and A. Chong, “Building occupancy and energy
consumption: Case studies across building types,” Energy Built
Environ., vol. 2, no. 2, pp. 167-174,2021.

[21] O. T. Masoso and L. J. Grobler, “The dark side of occupants’
behavior on building energy use,” Energy Build., vol. 42, no. 2, pp.
173-177, Feb. 2010.

[22] Y. Jian, Y. Li, S. Wei, Y. Zhang, and Z. Bai, “A case study on
household electricity uses and their variations due to occupant
behavior in Chinese apartments in Beijing,” J. Asian Archit. Build.
Eng., vol. 14, no. 3, pp. 679-686, 2015.

[23] S.D’Oca, A. L. Pisello, M. De Simone, V. M. Barthelmes, T. Hong,
and S. P. Corgnati, “Human-building interaction at work: Findings
from an interdisciplinary cross-country survey in Italy,” Build.
Environ., vol. 132, no. January, pp. 147-159, 2018.

[24] Y. Ding, W. Chen, S. Wei, and F. Yang, “An occupancy prediction
model for campus buildings based on the diversity of occupancy
patterns,” Sustain. Cities Soc., vol. 64, no. October 2020, p. 102533,
2021.

[25] G. Oficial, “Plan Energético Nacional 2015-2050,” no. 28003, pp. 6—
348, 2016.

[26] Secretaria Nacional de Energia, “Resolucion N° 3142 del 17 de
noviembre de 2016, que adopta la guia de construccion sostenible
para el ahorro de energia en edificaciones y medidas para el uso
racional y eficiente de la energia, para la construccién de nuevas
edificaciones en la Republica,” Gac. Of., vol. 3142, no. 28165, pp. 1—
66, 2016.

[27] G. Oficial, “Resolucion No. 3980 - SNE,” vol. 3980, no. 28634, pp.
1-44, 2018.

[28] R. A. Distribucién, “Demanda _
electrico nacional,” vol. 1, 2022.

[29] J. Zhao, B. Lasternas, K. P. Lam, R. Yun, and V. Loftness, “Occupant
behavior and schedule modeling for building energy simulation
through office appliance power consumption data mining,” Energy
Build., 2014.

[30] A. Mathur, P. Fennell, R. Rawal, and I. Korolija, “ Assessing a fit-for-
purpose urban building energy modeling framework concerning
Ahmedabad,” Sci. Technol. Built Environ., vol. 27, no. 8, pp. 1075—
1103, 2021.

[31] T. Labeodan, W. Zeiler, G. Boxem, and Y. Zhao, “Occupancy
measurement in commercial office buildings for demand-driven
control applications - A survey and detection system evaluation,”
Energy Build., vol. 93, pp. 303-314, 2015.

[32] D. Mora, M. De Simone, and C. Austin, “Tecnologias para la
deteccion de ocupacion en edificios,” vol. 11, pp. 17-22, 2020.

[33] M. De Simone, C. Carpino, D. Mora, S. Gauthier, V. Aragon, and G.
Ulukavak, “Reference procedures for obtaining occupancy profiles in
residential buildings,” no. 37, pp. 1-5, 2018.

[34] Z. He, T. Hong, and S. K. Chou, “A framework for estimating the

Informe Semestral de consumo

20th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions", Hybrid Event, Boca Raton, Florida- USA, 18 — 22th July 2022. 7



energy-saving potential of occupant behavior improvement,” Appl.
Energy, vol. 287, no. April 2020, p. 116591, 2021.

[35] 1. Ajzen, “Constructing a TpB Questionnaire: Conceptual and
Methodological Considerations,” Time, vol. 2002, 2002.

[36] A. Wagner and W. O. Brien, Exploring Occupant Behavior in
Buildings. 2018.

[37] X. Ren, Y. Zhao, W. Zeiler, G. Boxem, and T. Li, “A Data Mining
Approach to Analyze Occupant Behavior Motivation,” Procedia
Eng., vol. 205, pp. 2442-2448,2017.

[38] C. Carpino, D. Mora, and M. De Simone, “On the use of
questionnaire in residential buildings. A review of collected data,
methodologies, and objectives,” Energy Build., vol. 186, no. 2019,
pp. 297-318, 2019.

[39] Z. Yang and B. Becerik-Gerber, “Modeling personalized occupancy
profiles for representing long term patterns by using ambient
context,” Build. Environ., vol. 78, no. April 2016, pp. 23-35, 2014.

[40] M. Han, J. Zhao, X. Zhang, J. Shen, and Y. Li, “The reinforcement
learning method for occupant behavior in building control: A
review,” Energy Built Environ., vol. 2, no. 2, pp. 137-148, 2021.

[41] 1. Anthony et al., “( 12 ) United States Patent ( 45 ) Occupancy pattern
detection, estimation and prediction,” vol. 2, no. 12, 2013.

[42] D. Mora, G. Fajilla, M. Chen, and M. De Simone, “Energy &
Buildings Occupancy patterns obtained by heuristic approaches :
Cluster analysis and logical flowcharts . A case study ina university
office,” vol. 186, pp. 147-168, 2019.

[43] S.D’Oca, H. B. Gunay, S. Gilani, and W. O’Brien, “Critical review
and illustrative examples of office occupant modeling formalisms,”
Build. Serv. Eng. Res. Technol., vol. 40, no. 6, pp. 732-757, 2019.

[44] T. Labeodan, W. Zeiler, G. Boxem, and Y. Zhao, “Occupancy
measurement in commercial office buildings for demand-driven
control applications - A survey and detection system evaluation,”
Energy Build., vol. 93, pp. 303-314, 2015.

[45] L. Devroye, L. Gyorfi, and G. Lugosi, “A probabilistic theory of
pattern recognition, Stochastic modeling and applied probability.” pp.
XV, 636 S.: ., graph. Darst., 1996.

[46] T. Integrated and 1. Survey, “ Annex 66 : Definition and Simulation
of Occupant Behavior in Buildings Technical Report: An
International Survey of Occupant Behavior in Workspaces,” no.
November, p. 20, 2017.

[47] Matich Damién, “Redes Neuronales: Conceptos Baésicos y
Aplicaciones.,” Historia Santiago., p. 55, 2018.

20th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions", Hybrid Event, Boca Raton, Florida- USA, 18 — 22th July 2022. 8



