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Abstract

Since occupant behaviour impacts the energy performance of buildings, its study is relevant in order to bridge the
performance gap. While the factors influencing occupant behaviour have been established, most studies have focused
on those factors that motivate the action, such as environmental and temporal conditions. Contextual factors including
spatial and occupant characteristics, which act as action moderators, remain a subject to explore. In this way, this
article aims to identify patterns in the occupants’ actions in office environments, based on spatial and human factors.
A field study, including 514 occupants in 85 office spaces, was carried out in 11 buildings in Concepcién, Chile. The
results indicate that spatial layout is significantly related to the operation of windows, blinds, and thermostats, but
not personal devices. Gender did not influence whether an occupant was active or not and age range was only
significant regarding blinds. In shared spaces, there were fewer active occupants and whose acts depend on the
perception of opportunity that they have, which is associated with element control distance and occupant age. The
findings suggest that the probability that actions occur varies based on spatial and human factors, particularly because

these factors affect occupant perception of opportunity.

Keywords: occupant behaviour, office spaces, spatial layout, adaptive actions, active occupant, perceived opportunity,

occupant position

1. Introduction
In recent years, numerous studies have been conducted on occupant behaviour and its influence on the

thermal and energy performance of buildings [1-3], given that it has been found that occupants play a key
role in the gap between expected and real performance during building operation [4-6]. Thus, human
behaviour has been studied with a special emphasis on the occupant actions that demand energy, in order
to understand it [7,8], evaluate its impact [9,10] and integrate it into simulations for more accurate

predictions [11,12].

According to the adaptive thermal comfort model, occupants carry out actions to remain comfortable [13].
Hence, they are active subjects that can modify their environment or adjust to it [14], either requiring
energy or not, which implies a high potential for energy savings [15,16]. The actions taken by an occupant
can be categorized as physiological, personal, spatial and environmental [17]. This last category involves
interaction with control elements in the space that have the potential to modify the indoor environmental
conditions, such as windows, solar shading devices or HVAC systems. Therefore, they are of particular
interest to architectural design. A complete list of actions by category is described by Schweiker, Carlucci,

Andersen, Dong and O’Brien [17].
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Various approaches have been proposed to study these actions, including fieldwork, laboratory
experiments [18] and lately, virtual reality [19]. The former allows exploring the phenomena in its usual
environment and identifying the influencing factors, while experiments allow quantifying the impact of
those factors since they are studied in a controlled environment; although both approaches have been used
to develop mathematical models. Registering actions is a complex task. It can be made directly, through
monitoring with equipment and sensors, which allows recording the exact moment when an action occurs,
but it is constrained by availability and costs which can reduce the total number of participants [20] and
at the same time, sensors cannot explain all the complexities associated with human behaviour [18].
Actions can also be recorded indirectly, through surveys or interviews, which might be subject to bias
since they rely on the participant [18,21]. However, they have been used in large studies to understand

occupant behaviour and identify trends [22,23], as well as to develop models [24,25].

Several influencing factors have been identified to be able to anticipate occupant behaviour. In the DNAS
framework, “drivers” are defined as the factors that influence the execution of actions and are classified
into five types, those associated with: the building, the occupant, the environment, the systems, and the
time [26]. More recent investigations suggest that actions are motivated by adaptive and non-adaptive
triggers and are moderated by contextual factors [17] that can be grouped as physical, physiological,

psychological, and social, as proposed initially by Fabi, Andersen, Corgnati and Olesen [27].

Most studies have focused on environmental and time-related factors, which are clearly quantifiable [28]
by addressing the problem from the point of view of “the action” and showing the physical and temporal
conditions in which it is most likely that an action occurs [29], developing models through different
modelling techniques such as logistic regressions, Markov processes, agent-based or decision trees [21,30].
However, few studies have investigated contextual factors, which are scarcely reported [31] or overlooked
[32]. They are usually considered just as characteristics which delimit the study, instead of being
influencing factors as such. Although they have been identified and are understood to be action
moderators, is not yet clear how these factors are associated with the performance of actions. The
contextual factors are many and varied, ranging from personality traits [33] to building characteristics [34]

and availability of control elements [35].

The location and accessibility of control elements has frequently been cited as influencing occupant
interaction with them [31,36,37], as well as interior design and the presence of multiple occupants [38].
Nonetheless, little information is understood about these factors. It has been demonstrated that desk
location, spatial layout, and orientation highly contribute to user environmental satisfaction [39—-41] and
comfort in workplaces [42—44]. In the same way, it has been stated that the occupant's perception of the
indoor environment depends on their position in the space [45]. Yet, distance to the control element and
the occupant orientation regarding it, are potential influencing factors that have not been quantified in

relation to the action. The most studied factor related with buildings may be facade orientation, probably
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because it is directly related with some environmental factors such as solar radiation. It has been
demonstrated that windows and blinds in facades with higher solar radiation are used more frequently
that those with less solar exposure [23,46,47]. However, these studies have examined the state of the blinds,

rather than the associated occupant who operates it.

Moreover, it has been reported that actions frequency decreases in shared spaces, although most of these
studies have been conducted in laboratories [48] or with few people in the shared space [49]. As yet, the
phenomena have not been addressed in real open plan offices. It is essential to take into consideration that
because of the challenges that studying groups of people entail, most studies focus on individual
occupants or on a few occupants that have the direct possibility to operate control elements [50,51].

Consequently, shared office spaces, i.e. with multiple occupants, are still a field to be explored.

It has also been stated that gender and age are associated with the performance of the actions [23]. This is
most likely because they have an impact on energy consumption [52,53] and saving attitudes [54], as well
as thermal comfort perception [55-57]. Nevertheless, there are few studies on their relationships with the

actions themselves, like [58,59].

Furthermore, previous research has reported the importance of perceived control on thermal comfort and
energy use in buildings [60-62], as well as on IEQ satisfaction [63]. Nonetheless, few studies have
addressed this in relation with the performance of actions like [36,48], probably because most studies are
conducted in spaces where the opportunity to operate control elements is clear. Yun, Steemers and Baker
[25] argue that “occupants with high perceived control tended to use their windows more frequently than
others with a low level of perceived control”. However, to date there is no consensus about how the
position and characteristics of the occupants influence perceived opportunity when they have to share the

space.

Together, these studies establish that contextual factors and the way they are related to the occupants’
actions and perception of opportunity are relevant to deeper study, in a real-world context, with multiple
occupants. For this reason, this research intends to study some of the factors that enable or restrict the
performance of actions, rather than determining what motivates them, an area that has been widely
covered in the literature. Contextual factors are grouped here into two categories: spatial factors, those
that have a direct link with the physical spaces, and therefore can be designed; and human factors, those

that are part of people, their social, psychological and physiological dynamics.

In this way, this paper aims to identify patterns in the occupants that perform environmental adaptive
actions in office spaces, based on spatial and human factors, in order to get insights about how these factors
are related with occupants’ actions. First, if there is a relationship between the indicated factors and an
occupant operating a control element such as a window is determined. Then, whether there are common

characteristics between those who take action and those who do not is analysed, identifying patterns.
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Likewise, the relationship of these factors with the perception of opportunity is studied, as well as if

patterns exist, since this could be associated with the performance of actions.

2. Methodology

Due to the nature of the phenomenon, the methodology was based on fieldwork and an analysis of the
relationships between variables that occur naturally. A longitudinal survey in office environments was
performed with the objective of recording the occupants’ actions as well as their perception of their
opportunity to operate the studied control elements, following similar studies like [23,64,65]. However,
rather than aiming to identify the environmental and temporal factors influencing the action, the survey
attempted to collect different environmental and temporal conditions where an action could occur, to later
contrast against the contextual factors, since these factors were constants. To gather information about
spatial and human factors, the occupants’ characteristics were registered through a short questionnaire

and the indoor design conditions were recorded during the fieldwork.

The environmental actions considered for this study and their related control elements are window
opening/closing; solar shading device adjustment, such as blinds; use of personal control devices for
heating or cooling, such as fans or heaters; and the use of thermostats. The relationship between occupants’
actions and the following contextual factors is studied: 1) Spatial factors: spatial layout (open plan offices,
shared enclosed offices and individual offices), occupant orientation relative to control elements (front,
back, left or right), element orientation in relation to north (8 orientations), and distance from the occupant
to the element. The latter three were studied only for the windows and blinds; 2) Human factors: gender
and age. Figure 1 illustrates the spatial and human factors studied as well as the actions and their control

elements considered in this research.



:~-Spatial factors

Bpatial layout

SO

SE

Individual
Office

North

North Occupant direction
o 0° Cl Uﬂ
345 15 A
N
285° NW NE 750 298 Front 62
w E Left | Right
y 25° ¢ W 95"
255 105°
SW SE Back
5
195° 165°

:-Human factors --«--oooeemeeeeeens ;
: [Bender :

09

Female Male :
[ge Range
: s ¥ £
) L4 :‘ ‘ N
18—,25 26—:35 36—145 1.6-;55 +:56 Windows Blinds Personal devices Thermosat
(Fans+heaters)
127
128 Figure 1. Spatial and human factors studied including their categories. Spatial factors are Spatial layout: Open space (SO), Shared
129 Enclosed space (SE), Individual space (IN); Occupant orientation relative to control elements (front, back, left or right); element
130 orientation (8 orientations) and distance from the occupant to the element. Human factors are gender and age range. The actions
131 and their control elements considered in this research are also presented.
132 2.1. Data collection
133  Fieldwork was carried out between July 2017 and February 2018 in 11 office buildings located in the city
134  of Concepcion, Chile (36°S latitude, 73°W longitude). This city has a Mediterranean-oceanic climate
135 (Koppen Csb), with no extreme winters or summers. The average temperatures in January (summer) range
136 from 10.9 °C to 22.8 °C and in July (winter) vary from 5.8 °C to 13.2°C [66]. For this reason, buildings
137  commonly offer passive adaptive opportunities (operable windows and blinds), as well as active
138  opportunities (personal control devices and thermostats), thereby making it possible to study the actions
139  of interest.
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Figure 2. Office buildings studied

The office buildings examined (Figure 2) were purposely selected according to the variety of adaptation
opportunities they have and possible access for the research team. Table 1 summarizes the cases and their
main characteristics, in addition to the total studied areas (85). These zones were not selected previously
and were chosen by the manager in each building according to institutional availability. In each building,
the studied areas were classified according to their spatial layout, as presented in Figure 1: Open plan
spaces (SO), with more than 8 people; shared enclosed spaces (SE), which included between 2 and 8 people;
and Individual spaces (IN). Although the first two are both shared offices, they are differentiated due to
the level of control and adaptation opportunities that a smaller scale space can provide. Detailed
information regarding the physical characteristics of studied zones and their occupants can be found in

the supplementary material.

Table 1. Study cases and their characteristics, showing the total studied areas by spatial layout

Year Floors  Operable  Operable Personal control ~ HVAC  Total studied areas  Total
Case built Levels studied windows blinds devices h/c system SO SE IN occupants
A 2016 6 land?2 Yes Some areas Yes Some areas 4 1 10 71
B 2016 2 GFand1 Yes Some areas Yes Yes 2 1 2 31
C 2016 8 3and 6 Yes Yes Some areas Yes 2 5 14 60
D 2005 6 2 and 5 Yes Yes Yes Yes 4 2 6 45
E 2016 2 GFand1 Yes Yes Yes Yes 1 4 3 32
F 2013 13 land 8 Some areas Yes Yes Yes 3 1 2 131
G 2015 16 5 Yes Yes Yes Yes 3 1 - 40
H 2009 3 GF Yes Yes Yes No 2 2 - 55
I 2013 2 GFand1 Some areas Yes Yes Yes 2 4 39
X 2007 4 3 Yes Yes Yes No - 1 - 7
Y 2015 7 6 Yes Yes Yes No - 1 - 3
Total 23 23 39 514

SO: Open plan spaces, SE: Shared Enclosed spaces, IN: Individual spaces, GF: ground floor

Considering that some studies have found that occupant behaviour varies according to the season and
time of day, but that the trend is similar within the same season and time [64,67,68], in each building the
surveys were conducted face-to-face three times a day (morning, midday and late afternoon) for one day
in winter, one day in spring, and one day in summer. Thus, the occupants had the opportunity to respond
to the questionnaire up to 9 times, although the number of times the occupants participated varied due to
normal office dynamics and their availability. In certain cases, some of the occupants surveyed were
replaced between seasons, so that in spring and summer new occupants participated in positions that had

previously been surveyed. For this reason, the same spatial position may have more than one participant.
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The questionnaire was designed as “right-now”, seeking to capture answers associated with the actions in
the instant in which the instrument was completed. However, for this study, data were grouped to perform
a wider analysis focused on the occupants' profile rather than time or seasonal effects. This is further

explained in the data analysis section.

The question used on the survey to gather the information about the opportunities and adaptive actions
is presented in Figure 3. This question was designed to identify: 1) if an occupant perceived he or she had
the opportunity to use a certain control element, and 2) if an occupant used the respective element during
the surveyed period, that is to say, if the action occurred. An answer was required for each of the control
elements associated with the actions of interest for this study (windows, blinds, fans o heaters -personal

control devices-, thermostats).

Since you arrived at the office or since the last time you answered the survey, have you made any adjustments to the following environmental controls?

Does not apply / You have not made any You opened You opened You closed You closed

Do not have control ~: adjustments (turned on/increased) (turned on/increased) (turned off/decreased) (turned off/decreased)
i without asking others after asking others without asking others after asking others

No opportunity | Perceived Opportunity
Figure 3. Question about the occupant actions related to the control elements (windows, blinds, fans o heaters -personal control

devices-, thermostats) and possible responses. The classification according to the response is also included. Please be aware that the
survey was carried out in Spanish.

In addition, an occupant characterization section was included in the first questionnaire that the occupant
answered, where gender and age range, as well as the spatial layout of his or her work zone were recorded.

This information was later contrasted with the planimetry of each building.

For each space studied, planimetric information was gathered, including the location of windows and
blinds. The position of the occupants who took part was detailed on the space’s floor plan along with the
direction in which they look when seated working. Similarly, the presence of personal control devices such
as fans and heaters were recorded, in addition to control elements such as centralised HVAC systems and
thermostats, although the exact location of these elements was not registered since the focus was on the

architectural design elements. These data were later included in a BIM model of each case.

2.2. Data processing
With the information collected, the spatial opportunities available in each office space were identified,
where a “spatial opportunity” is understood to be the presence of the control element in the space, as
observed by the researchers. In this way, each zone was classified according to whether one or more
control elements existed there: operable windows, blinds, heaters, fans and/or thermostats. Afterwards,
since each occupant belonged to a specific office space, it was established whether the occupant had the

spatial opportunity to operate each element.

Based on the responses to the indicated question, each questionnaire was classified according to whether

the occupant perceived he or she had the opportunity to operate each control element and if he or she
7
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operated them, as shown in Figure 3. Regarding the opportunity, each control element was classified as:
a) The occupant did not perceive that he or she has the opportunity, if the response was “does not apply/do
not have control”; or b) The occupant perceived he or she has the opportunity, if the response was one of
the other options, given that they imply the recognition of the existence of the element. Moreover, each
control element was categorized according to whether the occupant operated it, either as : a) The action
did not occur, if the response was “does not apply/do not have control” or “Has not made any adjustment”;

or b) The action occurred, if the response was one of the other options.

Since the occupant is taken as the unit of analysis, the questionnaires from the same participant were
grouped and processed to classify each occupant for each element/action. In this way, it was considered
that an occupant perceived the opportunity to operate the control element when he or she identified the
opportunity in at least one of the questionnaires. In the same sense, it was considered that an occupant
performed an action if he or she recorded that an action occurred in at least one of their answered
questionnaires. This simplification seeks to explore the data as well as recognize the occupants who
performed an action and perceived opportunity. It assumes that on a daily basis those who carry out the
actions tend to be the same and that the perception of opportunity does not vary over time. Through this
process, the two outcome variables associated with each occupant were defined: action and perceived

opportunity.

Regarding the spatial factors, the occupants’ distance to and their orientation with the closest window and
blinds, as well as the orientation of these elements in relation to north were extracted from the BIM models
by means of a Dynamo script in Autodesk Revit. The script associates each occupant with the closest
window/blinds in their zone and returns data on their distance in a horizontal plane, the occupant’s
orientation in relation to the element (front, left, behind and right), and the element orientation (North,
Northeast, East, South, Southeast, West, Northwest), as illustrated in Figure 1. The human factors (gender

and age range) were extracted from the questionnaire linked to each occupant.

In this way, gender and age range, spatial layout, occupant distance to and orientation regarding the
closest window and blinds, as well as the orientation of these elements in relation to the north were
associated as attributes of each occupant, defining their corresponding spatial and human factors, the

predictors variables for this research.

2.3. Data analysis
As this study seeks to identify the factors related to the performance of an action, for the analysis of each
element, only those occupants with the corresponding spatial opportunity were considered, so this

attribute was used as a filter for subsequent analyses.

Since this research seeks patterns in the occupants’ actions regarding spatial and human factors, the

analysis is focused on the characteristics of those occupants who performed a certain action. Furthermore,
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the perceived opportunity to operate the control elements could be related to both the action and the
factors studied, so this characteristic is also considered for data analysis. These characteristics are
considered here as the outcome variables, which are expected to be related to the factors studied. Thus,

the spatial and human factors (See Figure 1) are the predictor variables for this research.

First, it was studied if there is a relationship between whether an occupant performed an action or not and
the spatial and human factors (A). Secondly, since perceived control has been shown to be related to the
use of control elements, the same previous relationship was studied, but it only considers those occupants
who perceived having the opportunity (APO). Finally, the perceived opportunity (PO) rather than the
action was addressed, in order to study whether an occupant perceived opportunity or not in relation to

spatial and human factors. The brackets show the coding for the analysis sets, which are summarised in

Figure 4.
Filter
Spatial Perceived
Predictors Outcomes opportunity : opportunity Set Code
Spatial and human
factors
Perceived Opportunity ) m

Figure 4. Analysis sets. A (Action) studies if there is a relationship between whether an occupant performed an action or not and
the spatial and human factors. APO (Action + Perceived Opportunity) considers the effect of perceived opportunity on the action,
studying if there is a relationship between whether an occupant performed an action or not and the spatial and human factors, but
considering only those occupants who perceived having the opportunity to use the control elements. PO (Perceived Opportunity)

studies whether an occupant perceived opportunity or not in relation to spatial and human factors. All the sets consider only the

occupants with spatial opportunity.

The analysis was divided into two parts: the first determined the relationship between the spatial and
human factors and occupants’ actions and perceived opportunity, according to the defined analysis sets;

while the second explored the patterns in those relationships that were found to be significant.

The statistical analysis was carried out using the software SPSS (version 24). Since the outcome variables
for this study are categorical, and the predictors are both categorical and continuous (just the distance),
the bivariate analysis is differentiated according to the type of data (categorical-categorical and
continuous-categorical). In concordance with other studies of this kind, the significance level was defined

as p < 0.05 [69].

In order to compare the differences between categorical groups and following previous studies in the field
[55,63], the Chi-squared test for independence was applied to test whether there is a relationship between
variables. This is demonstrated if there are changes in the proportions of the occupants who performed an
action or perceived opportunity according to the spatial and human factors. Cramer’s V was used for effect
size quantification. This indicator gives a number between 0 and 1, showing the strength of the relationship
between the two categorical variables, where 0.1 is small, 0.3 medium and 0.5 large [70]. Values less than

0.1 are then considered negligible and over that value, the relationships are of interest. Since both the Chi-
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square test or Cramer's V do not identify the patterns of the relationship [63,71], to that aim, standardized

histograms were plotted and standardized residuals were calculated [69,71].

In the case of distance, the only continuous variable studied, Spearman’s correlation coefficient (9) was
used to determine the strength of the relationship between variables. This coefficient was chosen because
of the type of data and because it does not rely on the assumptions of the linear model [72]. It was
interpreted based on Ferguson [73], like similar studies [43,74], where absolute values of ¢ < 0.20 =
negligible; 0.20 < 0 < 0.50 = small; 0.50 < o <0.80 = moderate; and o > 0.80 = large. A t-test for independent
samples was applied to evaluate the difference between groups. To identify patterns in these relationships,
logistic regression was used just as previous research has done with continuous variables like illuminance
[49] or temperature [65], allowing estimating the likelihood of the outcome variable in function of the

predictor variable, in this case, the distance.

3. Results
3.1. The participants and their distribution by studied factors

A total of 514 occupants participated in the study and 2,327 questionnaires were collected, with an average
of 4.53 (SD = 2.41) per occupant. The number of surveys and participants by spatial layout per case is
presented in Table 2. The participants were distributed over 85 office spaces throughout the 11 buildings
studied. A similar number of males and females participated in the study and the most common age range
was between 36 and 45 years old. Table 3 presents the total occupant distribution by spatial layout, gender

and age range, factors studied for all the control elements.

Table 2. Surveys collected and participants by spatial layout per case.

SO SE IN Total
Case Surveys Participants Surveys Participants Surveys Participants Surveys Participants
A 282 58 9 1 45 12 336 71
B 124 27 11 2 13 2 148 31
C 92 16 153 29 57 15 302 60
D 159 33 18 5 27 7 204 45
E 8 1 157 28 20 3 185 32
F 435 125 30 4 14 2 479 131
G 148 38 12 2 - - 160 40
H 232 49 30 6 - - 262 55
I 121 22 64 15 11 2 196 39
X - - 37 7 - - 37 7
Y - - 18 3 - - 18 3
Total 1601 369 539 102 187 43 2327 514

SO: Shared Open space, SE: Shared Enclosed space, IN: Individual space

Table 3. Occupant distribution by spatial layout, gender and age range

Spatial Layout Gender Age Range
No No
SO SE IN Male Female 18-25  26-35 36-45 46-55 +56
response response
Total participants 369 102 43 251 240 23 51 128 163 99 48 25

% within factor 71.8% 19.8% 8.4% 48.8% 46.7%  4.5% 99% 249% 31.7% 193% 9.3% 4.9%
SO: Shared Open space, SE: Shared Enclosed space, IN: Individual space

10
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Based on the data extracted from the dynamo script, the occupants' general distribution by their
orientation in relation to the closest window and blinds, as well as the orientation of these elements in
relation to north, is presented in Table 4. It is worthy of note that not all occupants were in zones with
windows or blinds. Likewise, not all windows had associated blinds and that in some cases the blinds
were located on glazed facades without operable windows. The general average occupant’s distance to the

window was 3.63 m (SD: 3.91, BCa 95% CI [3.29, 4.00]), and to the blinds was 2.98 m (SD: 2.40, BCa 95% CI

[2.77, 3.19]).
Table 4. Distribution of occupant orientation in relation to the element and element orientation
Occupants Occupant orientation in
without relation to the element Element orientation
associated . .
* Front Left Behind Right N NE E SE S SW w NwW
element
Window Total 85 109 39 241 40 36 61 35 148 27 51 28 43
% 16.5% 212% 7.6% 469% 7.8% 70% 11.9% 6.8% 288% 53% 99% 54% 84%
Blinds  Total 35 92 82 235 70 27 106 41 120 12 55 28 90
% 6.8% 179% 16.0% 457% 13.6% 53% 20.6% 8.0% 233% 23% 10.7% 54% 17.5%

*It refers to those occupants who were in zones without the indicated element, meaning they did not have the spatial opportunity. The remaining
occupants which correspond to those with the spatial opportunity of using the indicated elements are differentiated by occupant position regarding
the closest element and the element orientation.

3.2. The occupants’ actions and perceived opportunity
Each of the occupants who took part in this study have different associated spatial opportunities, and for
the analysis only those with the corresponding spatial opportunity for each element were considered.
Table 5 presents the total number of occupants with the spatial opportunity for each control element based
on field observations. Furthermore, Table 5 classifies the occupants according to whether they operated
the element or not (Set A), whether they perceived they had an opportunity or not (Set PO), and whether

they operated the element or not considering only those who perceived opportunity (Set APO).

Table 5. Occupants with observed spatial opportunity, classified according to the analysis sets.

Perceived Action + Perceived

Spatial Action (A) Opportunity (PO) Opportunity (APO)
opportunity Action No action Perceived Did not Perceive Action No action

Element Total % Total %  Total %  Total %  Total % Total % Total %
Window 429 83% 121  28% 308 72% 340 79% 89 21% 121 36% 219 64%
Blinds 479 93% 138 29% 341 71% 350 73% 129 27% 138 39% 212 61%
Personal control devices 413 80% 71 17% 342 83% 141 34% 272 66% 71 50% 70 50%
Thermostat 361 70% 48 13% 313 87% 247 68% 114 32% 48 19% 199 81%

In general, the number of occupants that operated the control elements is less than those who did not, and
it is more likely that an occupant does not perform an action. This probability increases when considering
only the occupants who perceived opportunity (APO), thereby supporting the idea that it is necessary for
an occupant to be aware of the presence of the elements to use them. Likewise, there is evidence that a
high proportion of the occupants perceived they do not have an opportunity, when it was in fact observed
that the opportunity does exist. It should be noted that around 70% of the occupants perceived the
opportunity to operate the windows, blinds and thermostat, but only a third of them perceived they can

use personal control devices such as small heaters or fans.
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The following sections break down the data and analyse whether these proportions change according to
spatial and human factors. First, whether there is a relationship between spatial and occupant factors and
the occupants” actions and their perception of opportunity is established. Due to the length of this paper,
the contingency tables showing the proportions by factor are included as supplementary material and only
the statistical test values, p-values and effect size values are presented below. The significant relationships

are identified and afterwards, their patterns are presented in the subsequent section.

3.3. The relationship between spatial and human factors, and occupants’ actions and perceived
opportunity.

Table 6 presents the results in relation to spatial factors, indicating which relationships are statistically
significant and have at least a small-medium effect size [75]. The results show that the spatial factors
related with the occupants” actions are mainly spatial layout, element orientation and distance. The last
two are associated with the use of the window and the blinds in all the analysis sets. Spatial layout is
related in all sets with the window and thermostat, and with the perception of opportunity in blinds and
devices. Occupant orientation was only significant regarding the blinds, particularly in relation to the

perceived opportunity.

Table 6. Results of the relationship between spatial factors and the occupants’ actions, by analysis sets.

Factor Element Set Statistical test* p-value**  Effect size***
Spatial Layout Window A X2 (2, n=429) = 21.746 <0.001 0.225
APO X2 (2, n=340) = 16.078 <0.001 0.217
PO X2 (2, n=429)=11.827 0.003 0.166
Blinds A X2 (2, n=479) =10.661 0.005 0.149
APO X2 (2, n=350) = 3.464 0.178 0.099
PO X? (2, n=479) =13.762 0.001 0.17
Personal control A X2 (2, n=413)=2.147 0.351 0.072
devices APO X?(2,n=141)=2.192 0.342 0.125
(fans or heaters) PO X2 (2,n=413)=18.782 <0.001 0.213
Thermostat A X? (2, n=361) = 36.504 <0.001 0.318
APO X? (2, n=247)=27.748 <0.001 0.335
PO X2 (2, n=361) =6.909 0.033 0.138
Occupant's Window A X2 (3, n=429) =2.041 0.567 0.069
orientation APO X2 (3, n=340) =2.093 0.552 0.078
PO X2 (3, n=429) =0.097 0.992 0.015
Blinds A X2 (3, n=479) =5.493 0.14 0.107
APO X2 (3, n=350) = 5.190 0.161 0.122
PO X? (3, n=479) = 21.493 <0.001 0.212
Element's orientation Window A X2 (7, n=429) =22.200 0.002 0.227
APO X? (7, n=340) = 15.938 0.026 0.217
PO X2 (7, n=429) = 25.658 0.001 0.245
Blinds A X2 (7, n=479)=23.531 0.001 0.222
APO X2 (7, n=350) = 20.488 0.005 0.242
PO X2 (7, n=479) = 23.605 0.001 0.222
Distance Window A 0=-0.298 [-0.38, -0.22] <0.001 0.57
APO 0=-0.221[-0.31, -0.12] <0.001 0.34
PO 0=-0.39 [-0.47, -0.30] <0.001 0.89
Blinds A 0=-0.372 [-0.45, -0.30] <0.001 0.78
APO 0=-0.335[-0.43, -0.12] <0.001 0.54
PO 0=-0.34 [-0.42, -0.26] <0.001 0.86

A: Action, APO: Action+Perceived Opportunity, PO: Perceived Opportunity

* Statistical test: Chi-squared test for all factors except for distance, where Spearman’s correlation was used. Concerning the former, df and
size sample are indicated in brackets. For the latter 95% BCa Cls are reported in brackets.

** p-values in bold are statistically significant (p < 0.05).

*** Effect size for Chi-square corresponds to Cramer's V, for Spearman’s correlation it is Cohen's d. Effect size indicates the strength of the
relationship where 0.1: small, 0.3: medium, 0.5: large. Values in bold are effect sizes greater than >0.1.
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Table 7 summarises the results in relation to human factors. It is observed that in general, gender is not
associated with an occupant acting or not, or with him or her perceiving having the opportunity or not,
except for the operation of the thermostat. In the case of age range, it is associated with the perception of

opportunity for all control elements, but not with the use of any.

Table 7. Results of relationship between occupant factors and the performance of actions, by analysis set.

Factor Element Set Statistical test* p-value**  Effect size***
Gender Window A X2 (1, n=412)=2.948 0.098 0.085
APO x* (1, n=328)=3.622 0.063 0.105
PO x* (1, n=412)=0.087 0.807 0.015
Blinds A X2 (1, n=457)=0.091 0.838 0.014
APO X2 (1, n=342) = 0.009 1 0.005
PO x* (1, n=457)=0.324 0.591 0.027
Personal control A X2 (1, n=395) = 2.655 0.109 0.082
devices APO X*(1,n=136)=1.107 0.307 0.09
(fans or heaters) PO X2 (1, n=395) = 1.691 0.205 0.065
Thermostat A X2 (1, n=347)=0.020 1 0.008
APO X2 (1,n=239)=0.177 0.747 0.027
PO X2 (1,n=347)=4.115 0.048 0.109
Age Range Window A X? (4, n=410) =3.255 0.519 0.089
APO X2 (4, n=326)=2.433 0.662 0.086
PO X2 (4, n=410) = 18.535 0.001 0.213
Blinds A X2 (4, n=456) = 9.075 0.059 0.141
APO X2 (4, n=341)="7.113 0.131 0.144
PO X? (4, n=456) = 15.958 0.003 0.187
Personal control A X2 (4, n=394)=5.724 0.222 0.121
devices (fansor ~ APO X2 (4, n=136) =3.093 0.554 0.151
heaters) PO X? (4, n=394)=13.399 0.009 0.184
Thermostat A X2 (4, n=346) =2.030 0.735 0.077
APO X2 (4, n=238)=0.621 0.966 0.051
PO X2 (4, n=346) = 13.026 0.011 0.194

A: Action, APO: Action+Perceived Opportunity, PO: Perceived Opportunity

*Statistical test: Chi-squared test for all factors except for distance, df and size sample are indicated in brackets.

** p-values in bold are statistically significant (p < 0.05).

*** Effect size corresponds to Cramer's V and indicates the strength of the relationship where 0.1: small, 0.3: medium, 0.5: large. Values in
bold are effect sizes greater than >0.1.

3.4. Patterns in occupants’ actions and perceived opportunity with regard to spatial and human
factors.

The patterns in those factors and analysis sets with a significant relationship are presented below.
Relationships with no statistical significance but a small-medium effect size are also included. The graphs
marked with a star show statistically significant relationships, while graphs with a circle show no-
significant relationship but small-medium effect size, according to Table 6 and Table 7. The graphs show
the standardised proportions to better visualize whether there are differences in the distribution of the
sets. As a guide, the graphs include a dotted line that indicates the general proportion of occupants who
acted or not (for the A and APO sets) or who perceived having opportunity or not (PO set), without
discriminating by factors. The further a category proportion moves away from this line, the more
representative it will be in the relationship between variables. If one category is located below the line, this
indicates that fewer of the expected occupants took action or perceived an opportunity, and the opposite
is true if it is located above the line. The tables with standardized residuals for all the factors and sets can

be found in the supplementary material.
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3.4.1. Spatial layout
The proportion of occupants who perform an action according to the spatial layout of their work zone is
presented in Figure 5. A clear pattern can be observed regarding the window, blinds and thermostat: there
are fewer active occupants in offices with an open plan (SO), their number increases in shared enclosed
offices (SE), and there are more in individual offices (IN). The trend is the same for the action sets (A and
APO) and could suggest that the more occupants that share an office space, the less they take action.
Regarding PO, the patterns are similar. For all the control elements, in shared offices, in particular those
with an open floor plan, a considerable part of the occupants declare they do not have an opportunity,

when they do.

Spatial layout

A performed an action
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Figure 5. Proportion of occupants that operate the element indicated (A, APO) or that perceived opportunity (PO), by spatial
layout. The dashed line indicates the general proportion, presented in Table 5. The number in the bar indicates the total number of
occupants. SO: Shared Open space, SE: Shared Enclosed space, IN: Individual space. The graphs marked with a star show
statistically significant relationships, while graphs with a circle show no-significant relationship but small-medium effect size.

3.4.2. Occupants and element orientation
When the blinds were located behind the occupant, more occupants perceived they have the opportunity

to operate them. Likewise, when this element was next to the occupant (left or right), fewer occupants than
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expected perceived they can interact with it (Figure 6 left). Patterns for window and occupant orientation
are not included since no relationship was found, thereby suggesting that actions or perceiving

opportunity are independent of the way an occupant is oriented regarding the window.

The distribution by orientation can be seen in Figure 6 right. The windows facing north had the highest
proportion of associated active occupants. In the case of the blinds, those that are located facing west
registered the most active occupants. The windows to the southeast were those with the least active
associated occupants. The trend is the same for A and APO: more occupants operated the element when
itis oriented in such a way that it has more solar exposure. Regarding the PO, the pattern in this association
is not clear. In the case of the window, there are more occupants that perceived they do not have an
opportunity if the element is oriented towards the southeast, whereas with blinds, there are more

occupants with this perception when the element is positioned towards the north and southeast.

Occupant orientation Element orientation
performed an action performed an action
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Figure 6. Proportion of occupants that operate the element indicated (A, APO) or that perceived opportunity (PO), by occupant
orientation (left) and closest element orientation (right). The dashed line indicates the general proportion, presented in Table 5. The
number in the bar indicates the total number of occupants. The graphs marked with a star show statistically significant
relationships, while graphs with a circle show no-significant relationship but small-medium effect size.
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3.4.3. Distance

Table 8 summarises the mean distance to the element and differentiates those who performed an action

and those who did not (A and APO sets), and those who perceived opportunity and those who did not

(PO). The difference between those occupants was found to be highly significant for all the sets, showing

a clear pattern. Overall, the occupants who operated the elements (windows and blinds) are located closer

to them than those that did not act.

Mean distance (SE) Difference

Element  Set Yes No [BCa 95% CI] Statistical test* p-value**  Effect size***
Window A 225m (0.17) 4.17m(025) 192m[1.36,253]  K422.89)=6.37 <0.001 0.57

APO  225m(0.17) 3.07m(0.20) 0.82m[0.34,129]  #327.35)=3.18 0.002 0.34

PO 278m (0.15) 6.87m (059) 4.10m[3.04,531]  £96.916)=6.35 <0.001 0.89
Blinds A 1.82m (0.13) 346m (0.14)  1.63m[1.22,2.02]  £406.504) = 8.60 <0.001 078

APO 1.82m (0.13)  2.80m (0.14) 0.98 m [0.59, 1.36] #(340.017) =5.11 <0.001 0.54

PO 242m (0.10) 453m (0.26)  2.12m [1.63, 2.65] #(170.478) = 67.699 <0.001 0.86

A: Action, APO: Action+Perceived Opportunity, PO: Perceived Opportunity
* Statistical test: t-test for independence. Df are indicated in brackets.
** p-values in bold are statistically significant (p < 0.05).

*** Effect size is Cohen's d. Effect size indicates the strength of relationship where 0.1: small, 0.3: medium, 0.5: large.

The proportion of occupants that performed an action according to their distance from the closest window

and blinds is presented in Figure 7. Although the relationship does not seem to be constant, thereby

suggesting the influence of other factors, there is an observable trend that coincides as expected: the shorter

the distance to the control element, the greater the proportion of occupants that interact with it. The same

trend exists regarding the perception of opportunity: in general, the greater the distance, the lower the

proportion of occupants that declared having an opportunity. The graph includes the logistic regression

curves showing the predicted probabilities for A, APO and PO.
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388 Table 8. Differences between sets regarding distance to the closest element
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390 Figure 7. Observed proportion of occupants who opened/closed (A, APO) or perceived opportunity to do so (PO), based on
391 occupant distance (binned 0.5 m) to the element. The logistic regression curve showing the predicted probabilities is included.

392  The logistic regression showed a significant relationship both for the window and the blinds, although in
393  the case of the former a distance was not identified at which an occupant is more likely to be active. For
394  theblinds, this distance was 0.5 m for the A set, and 0.1 m for the APO. Regarding the distance and whether
395  the occupant perceived having an opportunity or not, the two groups (yes or no) were clearly identified
396  with a cut-off point of 9 m for the window and 6 m for the blinds. This means that at distances shorter than
397  these values, it is more likely that the occupant will perceive they have an opportunity, while at longer
398  distances, the chances are that they will perceive they do not. However, R? was small and therefore these

399  results should be interpreted with caution and further studies are required to validate these distances.

400  The parameters obtained in the logistic regression, as well as the odds ratio, which shows that the greater
401  the distance the greater the probability that the occupant does not take action (A and APO sets), as well as
402 the greater the distance, the higher the probability that the occupant perceive he or she does not have an

403  opportunity, despite being in a space with the control element (PO), are presented in Table 9.
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404 Table 9. Coefficients for logistic regression models predicting whether an occupant performed an action (A-APO) or predicting

405 whether an occupant perceived opportunity (PO) for the indicated control elements.
Coefficient [95% BCa] 95% CI for Odds Ratio Omnibus test
p-value Odds

Set Element Constant Distance  distance Lower Ratio Upper R*>* Model p-value

A Window -0.10 -0.29 0.001 0.66 0.75 0.85 011 x2(1)=33.69 p<0.001
[-0.52,0.43] [-0.48,-0.18]

Blinds 0.31 -0.50 0.001 0.51 0.61 0.71 017 x*(1)=62.15 p<0.001
[-0.18,0.93] [-0.75,-0.34]

APO  Window -0.11 -0.19 0032 073 0.83 0.95 0.04 x?(1)=10.14 p<0.001
[-0.52,0.47] [-0.41,-0.06]

Blinds 0.46 -0.41 0.003  0.56 0.67 0.8 010 x?(1)=2754 p<0.001
[-0.07,1.15] [-0.72,-0.19]

PO Window 2.38 -0.26 0.001 0.72 0.78 0.84 022  x2(1)=65.81 p<0.001
[1.98,2.95] [-0.38,-0.18]

Blinds 2.16 -0.35 0.001 0.64 0.7 0.77 019 x2(1)=6820 p<0.001

[1.80,2.61] [-0.48,-0.25]

* Nagelkerke’s R?

406 3.4.4. Gender and age range

407  Figure 8 shows the distribution of the occupants by gender and differentiates if they perform an action or
408  perceived the opportunity to operate the elements were a relationship was found. Men used less the
409  window and personal devices than women. More women perceived not having an opportunity to operate

410 a thermostat than men, when in fact they do.

411  According to age, those who least operate blinds and personal devices are the youngest. This changes in
412 the APO set for personal devices, where the ones that interact most are precisely the young. This would
413  suggest that once this group recognizes their opportunity, they take advantage of it. Likewise, the
414  probability of perceiving the opportunity varies according to age. The younger the occupant, the more
415  likely they perceive they cannot modify their environment. This trend can be identified in Figure 9 and
416  applies for all control elements. Particularly, there are always fewer occupants than expected who are

417  under age 26 and perceived opportunity.

418
Gender
perceived opportunity
Yes' No No
Window [n-328] Personal control devices [n-13¢] Thermostat [n=347)
100+ ] 1007 [ ] 100
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- _ 35
g 98 g o4 g
& o0y " & 60 & g
g | J T T 5
& 407 eeeeeeeee.... . & 407 g 407
40
201 64 207 el 201
49
- . ‘ o : . o
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420 Figure 8. The proportion of occupants that perform an action (A) or perceived opportunity (PO) by gender. The dashed line
421 indicates the general proportion, presented in Table 5. The number in the bar indicates the total number of occupants. The graphs
422 marked with a star show statistically significant relationships, while graphs with a circle show no-significant relationship but
423 small-medium effect size.
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Figure 9. The proportion of occupants that perform an action (A and APO) or perceived opportunity (PO) by age range. The
dashed line indicates the general proportion, presented in Table 5. The number in the bar indicates the total number of occupants.
The graphs marked with a star show statistically significant relationships, while graphs with a circle show no-significant
relationship but small-medium effect size.

4. Discussion

The results from this field study show the relationship between some spatial and human factors and the
performance of actions. The relationship between these factors and the perceived opportunity to use a
control element was also studied. In fact, the findings suggest that the spatial and human factors are more
related to whether the occupant perceived having an opportunity than if they performed an action.
However, given that perceived opportunity is essential for being active, these factors indirectly influence

if the occupant acts or not.

It is worth mentioning that the relationship between whether an occupant performed an action or not and
the perceived opportunity was found to be significant (window: x? (1, n=429) = 41.048, p < 0.001; blinds: x? (1,
n=479)=71.447, p <0.001; device: x? (1, n=413) = 165.399, p < 0.001; thermostat: x> (1, n=361) =25.551, p < 0.001).
These findings match those observed in previous studies which suggest that as perceived control increases,
the use of control elements also rises [25]. This reflects the important role of perceived opportunity or

perceived control over the elements of the building in determining whether an occupant acts.

The data presented and the analysis sets made it possible to study not only the characteristics of the
occupants who performed an action (the active ones) but also those who did not (the passive occupants).
The latter could be divided into two groups based on the findings: the occupants that perceived they have
the opportunity to perform the action but did not, which could be called “passive by choice” since for

some reason they chose not to act; and their counterparts would therefore be the “passive by obligation”
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occupants, those who declared they do not have the opportunity to use a control element even though it

exists in their office space, which suggests that these occupants consider themselves unable to act.

Regarding the active occupants, represented by the characteristics of the A set, the results indicate that the
factors most related to occupants being active are the spatial layout, distance from the element, and
element orientation. On the contrary, occupant orientation in relation to an element, gender, and age range
do not appear to be associated with an occupant performing an adaptive environmental action. Mainly,
the occupants who perform an action are those who are closer to the elements and those who are next to
elements facing facades with high solar exposure. Being in a shared space decreases the probability that

an occupant will perform an action.

Furthermore, as the APO set analysis suggests, there are more “passive by choice” occupants in shared
spaces. It also indicates that they are slightly farther away from control elements and they are associated
with elements with low solar exposure. Gender and age do not appear to be related to whether an occupant

decides to act, once he or she recognizes they have the opportunity to adjust the indoor environment.

Overall, spatial layout, distance and age are influencing factors for perceiving opportunity. By analysing
the PO set, it was found that there are more “passive by obligation” occupants in shared spaces and that
they are far from the control element. Likewise, these occupants are more likely to be young and in the
case of the thermostat, women. Regarding the blinds, if they are located to the side of the occupants, it is

more likely that the occupants perceive not having control over this element.

The main findings are summarized below by studied factor and are contrasted with the related literature.
As mentioned in the literature review, there are a number of studies about spatial and human factors
regarding satisfaction with the indoor environment and thermal comfort, but research on the influence of
these factors on the performance of the actions is scarce. Moreover, most studies only mention the
relationship, few studies present patterns or explicitly describe the relationship, and as far as is known,
none address the occupants’ specific position. Some studies address the influence of perceived control on
satisfaction with IEQ and comfort, but there are few that integrate and link it with the performance of the

action.

4.1. Spatial layout
The relationship between spatial layout and use of the window, blinds or thermostat was found to be
highly significant. Proportionally, there are more active occupants in individual offices than in shared.
This finding is consistent with previous studies for windows and blinds [48,49], and gives new insights
for thermostat and personal control device usage. This makes sense if it is understood that in shared
spaces, the availability of controls is limited, and it might not be necessary or possible for all of the
occupants to perform an action. In addition, spatial layout was found to be related with the perceived

opportunity of use for all the control elements. Occupants in shared spaces, particularly open spaces,
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perceived they do not have opportunity, when they in fact they do. This is in line with Schweiker and
Wagner [48] who found that perceived control of windows and blinds was negatively affected by the

number of people in an experimental study.

The use of personal fans or heaters had an interesting inverse pattern, with more active occupants in shared
than in individual spaces. This was not statistically significant but rather represents a small effect size,
worthy of further investigation. This could suggest that in shared spaces occupants depend more on

personal adaptations, thus supporting the idea of personal comfort models [76].

Moreover, it was found that when considering only those occupants who perceived opportunity (APO
set), the relationship between spatial layout and blind operation was no longer significant, though it had
a small effect size. This could suggest that in the case of blinds, this relationship might be directly
associated with the perceived opportunity. Since the relationship remains significant for windows and
thermostats, more analysis is required to identify how spatial layout influences the interaction with these

elements.

These findings could indicate that social factors like coexistence could limit adaptive actions in shared
spaces, as a result of affecting the perceived opportunity. Hence, dynamics in these kinds of spaces and
especially the thermal comfort of occupants should be further explored to identify the specific factors that
cause spatial layout to be related to whether the occupant is active or not, as it has been found that spatial
layout is related with IEQ satisfaction and thermal comfort [39,42,74]. Both of them are higher in individual

offices than open offices [39,41,77].

4.2, Occupants’ orientation
In relation to blinds, occupant orientation was associated with perceived opportunity but not with the
performance of actions. However, effect sizes were between small and medium, suggesting that further
investigation is necessary. Concerning action, a possible trend was observed: occupants with blinds in
front of them are more likely to use them. Regarding perceived opportunity, it was greater when blinds
are behind the occupant and less when to the left or right. This could be associated with factors such as
glare and reflected light directly on the occupants” screens. These are primary reasons to use the blinds
according to Inkarojrit [78], in addition to solar radiation on occupants’ backs, which could cause the need
for the element and therefore its recognition within the space. There are numerous studies regarding blinds
that mainly address the relationship with building orientation, which results in solar radiation. However,
in reviewing the literature no data was encountered describing occupants’ orientation and opportunity
perception, although it has been found that orientation could impact the use of blinds [37] and visual and

thermal comfort [47,79].

Regarding the windows, surprisingly, no relationship was observed either for the performance of the

action or the perception of opportunity based on the occupants’ orientation. There were no differences
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between those with the window in front or back, or to the left or right side. This is of interest for design
and suggests that it does not matter where desks are located regarding windows; the occupant will act or

will perceive opportunity based on other factors.

4.3. Element orientation
In Concepcion (36°S), windows and blinds facing north are subject to greater solar radiation throughout
the entire year; the windows in this orientation had the highest proportion of associated active occupants.
This is consistent with previous studies which found that a higher solar radiation is related to a greater
proportion of open windows [80,81]. The windows facing southeast had the least associated active
occupants, which could be explained by the fact that the little solar exposure this facade receives occurs in

the morning, as is the case with blinds that receive less solar radiation [46,82].

In the case of the blinds, those that are located facing west registered the most active occupants, which
could be linked to the search for protection from solar radiation in the afternoon. These results agree with
the findings of other studies, which report that the facade with greater solar exposure in the afternoon,
due to lower solar altitude and deeper solar penetration, causes increased closing of the blinds [83,84]. The
active occupants are more in concordance with the blind closing pattern previously identified in other

contexts [47,48]: they increase according to the sun’s movement and possible heat gains during the day.

4.4. Distance
Distance has scarcely been studied as an influencing factor for the performance of actions, since most of
the previous research has been carried out in offices with the same characteristics and thus distance was
not a distinctive factor. It was found to be highly related both with the performance of the action and the
perceived opportunity. Overall, the shorter the distance, the greater the probability of being active or
perceiving the opportunity. The logistic regressions done give an idea of what those distances could be.
However, since the model is incomplete, all spatial layouts are included and have a low R?, further research

is needed to validate the distances and integrate other factors.

It is worth to noting that the average distance values of those who perform an action and those who do
not decrease in the A set, thus suggesting that the relationship between distance and action could be a

reflection of the effect of distance on the perception of opportunity.

4.5. Gender
The results suggest that gender does not influence whether the occupant decides to perform an action or
not. These results are consistent with Andersen et al. [23] regarding blinds and heating, and they are
opposite to Schweiker and Shukuya [58] and Karjalainen [59], who found that males use thermostats more
often than females, though their studies were in residences. Nevertheless, a small-medium effect size was
found for window and personal control devices, thereby indicating that women are slightly more active

than men, which is in line with Andersen et al. [23]. This trend is worthy of additional research.
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Alternately, surprisingly, it was discovered that only gender is significantly associated with the perception
of thermostat control. It is more likely that a woman perceives not having an opportunity, when in fact

she does. A similar finding was reported by Karjalainen [59] in offices in Finland.

4.6. Agerange
According to previous studies [23,85], age is an important characteristic in determining energy use.
However, this study was unable to demonstrate that age influences the performance of actions. The
relationship between age range and interaction with windows and thermostats was not found to be
significant, in agreement with Karjalainen [59]. This relationship was also not significant regarding the use
of blinds and personal control devices. Nonetheless, the last two had a small-medium effect size that
would suggest this relationship could exist and should be investigated in future research. For the blinds,
younger people interacted less, while for the personal devices (fans or heaters) the trend was the opposite,

thereby showing that younger people depend more on personal adaptation.

Interestingly, this last trend is the same regarding the perceived opportunity for all the control elements.
The younger the occupant, the more likely they perceive they cannot use the control element. This could
be due to a social factor associated with these occupants: they may not have the confidence to make
changes in an environment, especially if it is shared. They could feel they do not have the authority to
make the decision for others or they may also have worked less time in the office, although these are only

speculations and should be explored in future research.

4.7. Limitations and future work
It is important to highlight that this study addresses occupant behaviour from the perspective of the
occupant, and the probability that occupants are active or passive depending on spatial or human factors,
as well as the influence of those factors on perceived opportunity. Case selection was purposive and based
on institutional availability. Thus, random case or occupant selection was not possible, even though this
coincides with other studies of this type [86,87]. Each office space was surveyed for one day in each season,
and the occupant responses were considered to be representative, keeping in mind that in these kinds of
spaces many of the actions and particularly those who carry them out, tend to be constant in time.
According to the scope of this research, a more intensive survey was not necessary, and indeed it would
not be possible for logistical reasons and occupants” availability. Nevertheless, occupant classification was
simplified for analysis purposes and findings should be validated considering the effect of environmental
and time-related factors. When possible, subsequent studies could consider monitoring for more days to

obtain a more precise occupant classification and not limit the inclusion of “occasional” active occupants.

With regard to recording the actions, this study was based on information provided by the occupants
through surveys which could be subject to self-reporting bias. To minimize this, the survey was done face-
to-face and observations in the field were made regarding the available control elements. Likewise, the

grouping of the questionnaires answered by the same participant, allowed unifying their profile and
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avoiding potential errors in their isolate answers. It is important to note that just like other studies using

surveys [22,23], this research aimed to identify patterns, rather than monitor the actions.

Similarly, following the idea that people carry out the actions that are easier for them [31,88], the element
the occupant has an opportunity to operate was considered to be the one closest to him or her. However,
there is no certainty as to if this was the element that was operated, and future studies dealing with
multiple occupants should record the control elements linked to each occupant. These results therefore
need to be interpreted with caution. For a more precise representation of actions and spatial factors, it
would be interesting to evaluate the effect of the presence of other individuals between the occupant and

the control elements.

Lastly, this article presents the patterns associated with the spatial and occupant factors independently for
each variable studied, as a first step for future studies where these factors could be integrated into a
multivariable model that addresses their relationships and facilitates their application in the design
process. Other factors should also be considered, including diversity [89-91]. Human behaviour is
complex and varied, and it may not be perfectly represented in a statistical model. However, with a better

understanding of it, it is hoped to optimize designs and use of the built environment [92-94].

5. Conclusions
The results presented suggest that the probability that an action occurs is different depending on spatial

and human factors. At the same time, this research addresses the influence of group dynamics on the use
of element controls in shared offices, through fieldwork. Likewise, it presents the relationship between the
position of an occupant and their actions. In shared spaces, there are fewer active occupants, and those
who interact with elements depend on the perception of opportunity that they have, which is particularly
associated with the spatial layout and the occupant’s age. The closer an occupant is to an element, the
more likely he or she is to interact with it, and the younger the occupant, the less likely that he or she is to
do so since this condition restricts the occupant’s perception of opportunity. It is essential that occupants
perceive they have an opportunity so they can be active. Spatial and human factors are more related to the
perception of opportunity than with the performance of the action itself, although some of the factors seem

to function effectively as facilitators or limiters of actions.

While the goal is not for all occupants to perform all the actions, it is of interest to inquire how to encourage
the occurrence of the actions and seek better performance in buildings from an architectural point of view.
To this end, it is necessary to know the characteristics of those who carry out the actions so that there can

be a degree of certainty that the actions expected during the design phase do actually occur.

Alternately, integrating this study into the probability models that determine whether an action occurs or
not could contribute by generating an adjustment factor for the models based on environmental and/or

time-related factors. The latter act as predictors and could be complemented with the occupant’s spatial
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position and profile to obtain a more precise model. This could not only lead to better predict actions, but

also to architectural and interior design strategies that promote more active occupants.
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