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Abstract: Post-occupancy evaluations are common tools used to periodically assess Indoor Envi-
ronmental Quality (IEQ) in tertiary buildings. Although the large amount of data collected from
surveys contain valuable information, the influence of building characteristics on IEQ considering
the different uses of the rooms and different types of occupants is rarely considered in the evalua-
tion. This study presents an analysis of the association between building characteristics and IEQ in
different building rooms (classrooms and offices) and different occupants (students and lecturers)
using a post occupancy evaluation survey to 1013 occupants in 26 higher educational buildings
in Spain under a Mediterranean climate. This research demonstrated that building characteristics
influence IEQ perceptions of the different rooms in tertiary education buildings. The possibility of
controlling the lighting, shadows or heating, ventilation air or conditioning (HVAC) systems are the
most influential factors when analyzing IEQ. The findings of this research are of interest to facility
managers aiming at implementing energy efficiency measures based on user-centric satisfaction or
developing maintenance plans focused on IEQ enhancement.

Keywords: building characteristics; indoor environmental quality; post occupancy evaluation;
occupant’s satisfaction

1. Introduction

Building performance can be assessed in terms of the indoor air quality, thermal
comfort, lighting quality and acoustic quality, generally referred to as Indoor Environmental
Quality (IEQ) [1]. Buildings must ensure a safe, healthy, comfortable indoor environment
and satisfy the needs and demands of their occupants [1]. Good health and well-being
is one of the United Nations’ seventeen Sustainable Development Goals (SDGs), which
makes an urgent call for all countries to act [2]. The pandemic we are facing this current
year is an example of how important a well-designed place is to support the health and
comfort of its occupants.

The existing studies have confirmed that subjective post occupancy evaluation (POE)
surveys using occupant-centric approaches together with objective building characteristics
can help with analyzing IEQ and thus building performance [3].

It is important to monitor occupant satisfaction to provide an opportunity to ob-
jectively determine building performance. For instance, the WELL standard recognizes
the importance of monitoring occupant comfort and recommends POE surveys once per
year [4]. POE surveys provide valuable insights into whether the people who work in the
building are satisfied with their indoor environment, which can be useful in determining
the degree to which a building successfully promotes and protects its occupants’ health
and comfort [4].

Previous studies on POE surveys focused on the impact of IEQ on building occupants’
satisfaction [5]. These studies revealed that thermal, visual, acoustic and air quality are
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the most common contributing factors to building occupants’ satisfaction [6]. However,
other factors unrelated to the indoor climate may affect satisfaction in buildings [7]. The
building occupants’ satisfaction is also affected by control over the indoor environment,
layout, size, aesthetics, and type of HVAC, among others [6,7]. IEQ in higher educational
buildings can greatly affect the learning process [8–10]. The evidence indicates that their
associated facilities have a significant impact on occupants [11].

The effect of IEQ on user satisfaction was investigated in empirical studies, but not
how building characteristics (design and facilities) affect IEQ and thus user satisfaction
within different rooms.

On the one hand, the IEQ is not homogeneous for the entire building and differences
among rooms occur. Spatial mapping allows indoor environmental discomfort to be
identified more intuitively by architects, engineers and Facility Manager (FM) professionals,
in order to involve them in a joint effort to enhance building performance over time [12].

On the other hand, recent studies have reported that lecturers and students have
different occupant satisfaction perceptions in higher educational buildings [13,14].

Therefore, the primary purpose of this paper is to analyze the association between
building design factors and IEQ in different building rooms (classrooms and offices) and
by different occupants (students and lecturers).

First, a questionnaire survey to evaluate IEQ aspects is depicted (Appendix A). Then,
the results of this satisfaction survey, which we administered to 1013 occupants in 26 higher
educational buildings, are presented. Finally, the association between IEQ results and the
building characteristics is discussed.

The findings of this research are of interest of facility managers aiming at implementing
energy efficiency measures based on user-centric satisfaction or developing maintenance
plans focused on IEQ enhancement.

2. Background

The building parameters that contribute to IEQ, as identified by previous studies, can
be divided into three categories: architectural design parameters, such as window–wall
ratio (WWR); spatial design parameters, such as layout; and facilities design parameters,
such as the type of heating, ventilation air or conditioning (HVAC) system.

Previous studies identified that the façade [7,12] and shadow design [15] can influence
an occupant’s satisfaction. However, the studies on façade components affecting user
satisfaction are limited [16]. Hua et al. [12] found that the satisfaction level with IEQ in
workspaces, and especially with visual comfort, was dependent on the solar orientation.
The same study revealed that the thermal comfort was low for all orientations in winter and
summer, apart from the south-facing limit zone. Kwon et al. [7] stressed that orientation
might not be the main cause for user’s discomfort but that other factors such as glass
components of the building’s façade, artificial lighting, and window shade may also have
impact on users’ visual comfort. Ali et al. [17] revealed that external blinds improve
the thermal perception of the occupants due to provide shading from the direct solar
radiations and controlling heat gain or loss. Considering thermal and visual satisfaction,
Kwon et al. [7] found that window–wall ratio (WWR), which is computed by dividing
the glazing areas by the entire exterior wall façade area [7], did not influence thermal
comfort satisfaction.

The most commonly used model for evaluating thermal comfort is the heat-balanced
predicted mean vote (PMV) model [18]. PMV depends on the indoor air temperature
(Ta), indoor air velocity (va), indoor air humidity (HRa), indoor mean radiant temperature
(Tr), occupant activity level (met) and occupant clothing insulation (Clo). However, for
naturally ventilated buildings, thermal comfort was found to differ among building types,
outdoor temperatures and climatic regions [19]. Given that behavioral adjustments and
psychological adaptations increase occupants’ tolerance of wider range of temperatures [20],
the adaptive comfort theory considers that the optimal indoor operative temperature relates
primarily to the mean outdoor temperature [21].
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Hua et al. [22] examined the effect of the daylighting design characteristics of an
academic building on the indoor visual quality, and on its user satisfaction. This study
revealed that occupants in windowed workspaces presented more satisfaction with their
visual environment. Moreover, Hua et al. [22] identified a correlation between satisfaction
and shade devices. A positive impact was found between horizontal shading and occupant
satisfaction regarding various aspects of the visual environment. Higher satisfaction
levels were appraised regarding visual comfort of the daylighting by the occupants whose
workspaces had exterior horizontal shading [22]. The presence of glare was correlated with
dissatisfaction with several characteristics of the visual environment [22].

Some studies revealed a correlation between the spatial layout, the furniture and
workplace satisfaction [23,24]. The layout is described as the arrangement and limits of
a space, while furniture entails the comfort, ergonomics, and functionality of the chairs
and workstations [25]. Desk location and office layout were parameters found to influence
thermal and visual satisfaction of the users [7,23]. Occupants working in perimeter of
buildings presented higher levels of satisfaction with their environment than occupants
in central workspaces, where no window is available [12]. The amount of space available
for each worker was also found to have an influence on occupants’ satisfaction in office
buildings [6]. Other spatial factors, such as whether individual offices were opened or
enclosed, were also found to have impact on satisfaction [26]. For instance, Bourikas
et al. [24] found that office occupants were more dissatisfied with the acoustic quality in
open-plan and shared office spaces.

Regarding classrooms, Yang et al. [25] revealed that spatial attributes have a higher
impact on student perceptions of their learning environments, which includes the layout
of the room and the furniture. Seating location was found to have a slightly significant
effect on the satisfaction perception of acoustics, furniture and visibility. However, seating
location was found not to impact students’ perceptions regarding temperature, air quality,
artificial lighting, daylight, and room layout [25].

Other studies focused on the association between the type of HVAC system and
occupants’ satisfaction. Dawe [27] revealed that radiant and all-air buildings do not
influence satisfaction with IEQ, but there is a tendency for increased thermal satisfaction in
buildings with radiant systems [28]. Brager and Baker [29] analyzed occupant satisfaction
in mixed-mode buildings (a combination of natural ventilation from vents or operable
windows and mechanical systems) and revealed that the mixed-mode buildings present
greater levels of thermal comfort and air quality satisfaction. The possibility of controlling
the indoor environment is one important factor influencing satisfaction and perceived
comfort [26,30]. This includes control devices such as light switches for personal lighting
control, thermostats for temperature control, and types of mechanical ventilation control.

Table 1 summarizes the existing studies analyzing the building and facilities charac-
teristics that are influencing IEQ.

Table 1. Summary of studies on the association between building characteristics and indoor environmental quality (IEQ)
through post occupancy evaluations (POEs).

Study Sample Type IEQ Influencing Factors

Brager and Baker (2009) 43,220 occupants in 370 buildings Offices and Academic Type of heating, ventilation or air conditioning (HVAC)
Bluyssen et al. (2011) 5732 respondents in 59 buildings Offices Office layout, personal control

Hua et al. (2011) 75 occupants in 1 building Academic Shade control, window–wall ratio (WWR), light control
Frontczak et al. (2012) 397 occupants in 351 buildings Offices Room layout

Yang et al. (2013) 627 occupants in 6 classrooms Academic Room layout, furniture
Hua et al. (2014) 46 occupants in 1 building Academic Orientation, desk location, personal control
Nico et al. (2015) 126 occupants in 2 classrooms Academic Temperature control

Karmann et al. (2017) 3892 respondents in 60 buildings Offices Type of HVAC
Kwon et al. (2019) 579 occupants in 5 buildings Offices Desk location, orientation, and office layout

Dawe (2019) 568 occupants in 8 buildings Offices Type of HVAC, personal control
Sakellaris et al. (2019) 7441 occupants in 167 buildings Offices Type of control

Chen et al. (2020) 2537 occupants in 6 universities Academic Office type, office layout, personal control
Bourikas et al. (2021) 116 occupants in 2 buildings Offices Office layout
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3. Materials and Methods

The research approach adopted in this study consisted of the analysis of the results of
a POE survey on IEQ aspects. A building’s occupants are the best source of information to
define comfort requirements [6,31]. POE surveys provide valuable insights into whether
people are satisfied with the environmental conditions, and thus measure when a building
protects the health and comfort of its occupants. POE surveys can also help to optimize the
indoor environment by identifying and evaluating critical aspects of building performance.
Based on these evaluations, building design guidance for more objective decisions can be
developed [5,32].

A questionnaire survey was developed to evaluate IEQ aspects, including visual,
acoustic and thermal [33,34]. The questionnaire survey also evaluated the building con-
servation aspects of the building in total. This questionnaire was administered to the
occupants of various university buildings and campuses in Spain. The results of the ques-
tionnaire survey were then used to evaluate the correlation between these aspects and the
perception of satisfaction in groups of occupants (See Figure 1).
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3.1. Questionnaire Survey

The questionnaire survey (see Appendix A) included general respondent details, such
as gender and age. Respondents were asked to select the building they work or study
in and the years they have been working or studying in that building. Participants were
asked to include workplace characteristics, including the availability of personal control
adjustments such as curtains, operable windows, thermostats and ventilation regulation.

Participants were contacted in October 2017 by email and asked to think of the previ-
ous winter and summer to rate their IEQ satisfaction (thermal sensation, air quality, light
quality and acoustic quality). The survey used a Likert scale to rate occupants’ satisfaction.
These aspects were evaluated in relation to academic building zones, including classrooms
and offices. Participants were also asked to identify the main causes of dissatisfaction
when necessary.

Moreover, respondents were asked to rate their satisfaction in relation to the building’s
state of preservation. Possible reasons for dissatisfaction with the state of preservation were
predefined, and a text entry box was provided to add other reasons. Finally, respondents
were asked to rate the level of general satisfaction within the building. An open-ended
question was included that allowed respondents to comment on what they personally
found relevant.
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3.2. Statistical Analysis

Respondents’ data and their satisfaction with the IEQ factors were analyzed by room
and by type of end user: student and lecturer. The data were analyzed using the Statistical
Package for the Social Sciences (SPSS version 17.00).

Both the Goodman and Kruskal’s gamma (G) and the Spearman correlation (rs) tests
were run to determine the relationship between the respondents’ satisfaction and building
design characteristics. They analyze the association that exists between two variables
measured on an ordinal scale [35]. Goodman and Kruskal’s gamma is an association
measure between a categorical variable and a continuous one with many tied ranks, such
as WWR and shape factor, while Spearman correlation measures the association between
a categorical variable, but the continuous ones, such as the construction age, might have
lower tied ranks.

Associations below zero mean a negative or inverse relationship while associations
above zero means a positive relationship. G and rs range from −1 to +1. −1 and +1 each
indicate perfect relationships [35].

For qualitative analysis, the Chi-square (χ2) test was used to determine the dependence
between type of end user (student/lecturer), rooms (office/classrooms), and occupants’
satisfaction with IEQ aspects. The Chi-square test for independence determines the rela-
tionship between two categorical variables. This test can be used to compare observed
and expected frequencies. The null hypothesis is that the two sets of frequencies (i.e.,
observed and expected) are the same. An asymptotic significance less than 0.05 between
two variables means significant correlation at 95% confidence interval between them [35].

4. Results
4.1. Buildings’ Characteristics

The occupants’ feedback was obtained from a POE survey from 26 higher educational
buildings of two university campuses located in Spain. All buildings were in the Mediter-
ranean climate, which is characterized by dry summers and mild, wet winters under the
Köppen climate classification [36]. Within this climate, the temperatures range from 4 ◦C
to 15 ◦C in winter, while the average humidity is very constant (between 64% and 70%).

Campus 1 buildings were constructed around the 1990s, have a reinforced concrete
structure, flat roofs and masonry facades. Regarding their HVAC systems, some buildings
have radiators, while others have air–water systems or splits. Only a few buildings incor-
porate forced ventilation. Campus 2 is located in a metropolitan area. The construction age
ranged from the twentieth century to 2011. In general, none of the buildings incorporated
cooling when they were built and multisplits were installed over the years.

The majority of the buildings include single glazed windows, which represent a low
level of thermal transmittance (U-value = 5.8 W/m2·K). The façade and roof insulation have
a medium thermal transmittance for most of the sample (see Table 2). Most of the buildings
have a high level of shade factor (average of 41%). The shade factor is a measure of the
percentage of the window area that can be controlled with shading (e.g., solar protection
screens). The average of WWR of the sample is 23%. Regarding occupancy density, some
buildings have a high occupancy (1.63 m2/person), while others have a relatively low
occupancy density (6.96 m2/person). Buildings with high occupancy involve classes as
the main activity, while buildings with low occupancy mainly comprise lecturers and
administrative staff offices.
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Table 2. Buildings’ characteristics.

Building Area
(m2) Age Façade Insulation

(W/m2K)
Roof Insulation

(W/m2K)
Shape
Factor

Shade Factor
(%)

Window Wall
Ratio

Occupancy Density
(m2/person)

Heating Type Cooling Type Ventilation
System

A1 3967 1990 0.53 0.45 0.249 15% 25 1.94 Radiators - natural

A2 3886 1990 0.53 0.45 0.254 - 26 1.94 Radiators - natural

A3 3783 1991 0.53 0.45 0.156 18% 23 2.76 Radiators - natural

A4 2674 1991 0.53 0.45 0.155 0% 23 1.74 Radiators - natural

A5 3216 1992 0.53 0.45 0.136 0% 25 1.63 Radiators - natural

A6 3243 1992 0.53 0.45 0.159 0% 23 2.01 Radiators - natural

B1 2478 1989 0.53 0.45 0.159 34% 27 4.41 Radiators Splits natural

B2 1124 1990 0.53 0% 14 5.38 Radiators Fan coil + AHU * mixed

B3 2262 1993 0.53 0.45 0.197 15% 44 4.11 Fan coil Fan coil natural

B4 5981 1994 0.53 0.45 61% 25 6.91 Fan coil Fan coil no

B6 2196 1995 0.53 0.45 0.197 83% 4 4.52 Fan coil Fan coil no

C1 4334 1986 0.42 0.19 0.213 74% 15 4.93 Radiators Splits natural

C2 2124 1989 0.42 0.19 0.208 65% 15 5.85 Radiators Splits natural

C3 4597 1993 0.73 0.41 0.149 20% 17 6.12 Fan coil Fan coil + AHU natural

C4 4337 1995 0.73 0.41 68% 29 7.08 Fan coil Fan coil + AHU mixed

C5 4833 1994 0.73 0.41 0.157 0% 11 3.28 Fan coil Fan coil + AHU natural

C6 4072 1995 0.73 0.41 1% 21 4.14 Fan coil Fan coil + AHU mixed

D1 4353 1986 0.42 0.19 0.2 98% 27 6.05 Radiators Splits natural

D2 1989 1989 0.42 0.19 0.221 96% 18 6.96 Radiators Splits natural

D3 2529 1989 −0.28 −0.61 0.231 45% 26 4.38 Radiators Splits natural

D4 2518 1990 0.72 0.39 0.197 37% 28 4.37 Radiators Splits natural

D5 2581 1991 1.72 1.39 0.241 88% 28 4.92 Radiators Splits natural

D6 2678 1993 0.73 0.41 0.233 89% 19 4.76 AHU AHU mixed

EPSEB 13,683 1.78 1.2 0.28 - 37 5.35 Radiant - natural

ETSAB 10,301 1.81 1.25 0.36 - 41 6.16 Air–water - natural

ETSAV 7767 1991 1.05 0.6 0.5 - 25 6.12 Radiant - natural

* AHU: Air Handling Unit.
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4.2. Respondents’ Characteristics

Respondents’ data and their satisfaction with the IEQ factors were analyzed by room
and by type of occupant: lecturer and student. A total of 1013 satisfaction surveys were
completed, which was a large enough sample to achieve normality for statistical analysis.

The lecturers are 48.11 years old on average, ranging between 22 and 66 years oldm
while the students are 21 years old on average and between 17 and 46 years old (Table 3).
The offices of the regular users vary from individual offices to four occupants per office.
They all have natural lighting and ventilation.

Table 3. Sample characteristics.

Lecturers Students

Number of
respondents N (%) 298 (29.4%) 715 (70.6%)

Age (years) Average 48.11 21
Standard deviation 9.9 3.4

Minimum 22 17
Maximum 69 46

4.3. Descriptive Statistics of the Survey Results

Table 4 presents the number of answers for each satisfaction level (1–5) for the different
indoor environment aspects both in offices and classrooms for the different groups of end
users (lecturers and classrooms).

Table 4. Descriptive statistics of the survey results.

Indoor Environment Aspect
Offices (Lecturers) Classrooms (Lecturers) Classrooms (Students)

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Thermal sensation in winter 25 77 58 113 25 17 30 66 63 7 39 74 185 233 74

Thermal sensation in summer 27 70 64 114 20 17 48 68 44 6 50 90 190 215 60

Air quality in winter 18 50 108 105 17 11 27 85 56 4 30 31 213 263 72

Air quality in summer 16 52 99 117 14 11 28 87 43 3 44 55 230 224 62

Lighting quality 5 38 71 138 46 3 27 62 85 23 25 62 117 311 188

Acoustic quality 23 65 74 108 28 8 33 74 72 13 32 82 190 277 125

4.4. Association between Building Characteristics and Lighting Quality

Goodman and Kruskal’s gamma was calculated to determine the association between
lighting satisfaction and WWR in classrooms and offices. There was a positive correlation
between WWR and lighting satisfaction in classrooms, which was statistically significant
(G = 0.379, p = 0.001 < 0.05). This result indicates that as WWR rises, lighting satisfaction
improves. Regarding offices, there was no correlation (p = 0.459 > 0.05).

The same occurred with the analysis between lighting quality and shade factor. In
classrooms, there was a negative correlation (G = −0.233, p = 0.011 < 0.05) which means
natural lighting is better without curtains, blinds, etc. and these end users prefer natu-
ral rather than artificial lighting in classrooms. In the offices, no correlation was found
(p = 0.607 > 0.05), which suggests that artificial lighting is acceptable in these rooms. The
main activities of the lecturers and administrative staff in their offices are related to working
with computer screens, therefore, the brightness of the computer screen might be a more
relevant parameter that influences their lighting satisfaction.
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4.5. Association between Builidng Characteristics and Thermal Quality in Summer

Goodman and Kruskal’s gamma was run to determine the association between thermal
satisfaction in the summer and the windows’ thermal insulation in the classrooms and
offices. In classrooms, the windows’ thermal insulation was found to be correlated with
thermal satisfaction (G = −0.288, p = 0.000 < 0.05). In offices there was no correlation
(p = 0.260 > 0.05). Therefore, the association between the windows’ thermal insulation and
thermal satisfaction is not statistically significant in offices. The majority of the classrooms
in the sample do not have a cooling system so their thermal comfort in summer depends
highly on the thermal loads from the façade insulation. Then, the transmission thermal
loads are very important in summer. However, all offices do include cooling systems,
which suggests that lecturers do not care about the cost of cooling resulting from the high
thermal loads, but about their comfort.

To check the association between the type of cooling (fan coil/fain coil + AHU/splits)
and the thermal satisfaction the Chi-square test was used. There is a statistically significant
association between the type of cooling and thermal satisfaction in classrooms (χ2 = 16.456,
p = 0.036 < 0.05) (Table 5) but not in offices (χ2 = 12.806, p = 0.119 > 0.05) (Table 6). Most of
the offices have cooling systems.

Table 5. Contingence table for thermal satisfaction in summer (classrooms) and type of cooling.

Thermal Satisfaction in Summer (Classrooms)

1.0 2.0 3.0 4.0 5.0 Total

Type of cooling
Air–water 45 82 36 30 6 199

Fan coil 0 5 6 4 0 15
Splits 4 15 11 12 0 42

Total 49 102 53 46 6 256

Table 6. Contingence table for thermal satisfaction in summer (offices) and type of cooling.

Thermal Satisfaction in Summer (Offices)

1.0 2.0 3.0 4.0 5.0 Total

Type of cooling
Air–water 11 21 21 28 4 85

Fan coil 2 12 9 10 0 33
Splits 3 12 8 30 3 56

Total 16 45 38 68 7 174

4.6. Association between Builidng Characteristics and Thermal Quality in Winter

The results show that there is no association between windows’ thermal insulation
and thermal satisfaction in winter—neither in classrooms (p = 0.821 > 0.05) nor in offices
(p = 0.789 > 0.05). The heating is well dimensioned so even with the high transmission
loads from the façade, the end users only consider if they feel comfortable.

There is no association between the type of heating (fain coil/radiator/AHU)—neither
in classrooms (χ2 = 4.306, p = 0.829 > 0.05) (Table 7), nor in offices (χ2 = 13.318, p = 0.101
> 0.05) (Table 8). All of them do have heating systems and they are well dimensioned.
There is a slight preference for rooms with radiator; in those rooms the thermal satisfaction
is higher. The occupants’ thermal satisfaction with those buildings heated by Air Handling
Units (AHU) is lower than those heated by radiators. The air can cause drafts, air currents,
etc. and the control system is more complex although it is more efficient.
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Table 7. Contingence table for thermal satisfaction in winter (classrooms) and type of heating.

Thermal Satisfaction in Winter (Classrooms)

1.0 2.0 3.0 4.0 5.0 Total

Type of heating
Fan–coil 12 30 55 72 27 196
Radiator 22 67 113 198 65 465

Air–water 1 1 3 2 1 8

Total 35 98 171 272 93 669

Table 8. Contingence table for Thermal satisfaction in winter (offices) and type of heating.

Thermal Satisfaction in Winter (Offices)

1.0 2.0 3.0 4.0 5.0 Total

Type of heating
Fan–coil 9 22 22 41 4 98
Radiator 5 30 8 23 4 70

Air–water 1 2 3 5 2 13

Total 15 54 33 69 10 181

4.7. Association between Building Characteristics and Air Quality

To measure the association between the type of ventilation (natural/mixed/forced)
and the satisfaction with the air quality, the Chi-square test was run. The results show that
there is a correlation between the type of ventilation in classrooms (p = 0.001) but not in
offices (p = 0.633).

4.8. Association between Builidng Characteristics and State of Conservaton

To analyze the correlation between a quantitative variable, the year of construction,
and an ordinal variable, satisfaction with the state of conservation, the Spearman correlation
test was performed. The results show a slightly positive correlation between the age
of the buildings and the level of satisfaction with the state of conservation (rs = 0.171,
p = 0.00 < 0.05). The respondents are more satisfied with the state of conservation of newer
buildings.

The respondents are also more satisfied in general in newer buildings (rs = 0.191,
p = 0.000 < 0.05).

5. Discussion

IEQ was found to be associated with diverse design parameters. However, differences
were found for those rooms occupied by students, such as classes, and those occupied
only by lecturers and administrative staff. The specific type of work being undertaken
in these spaces and the occupancy density might be the main causes of the different IEQ
perceptions.

Lighting quality was found to be associated with the WWR and the shade factor in
classrooms but not in offices. All classrooms and offices are windowed but with different
WWR and different shade factors. Window shade includes curtains, mobile or fixed blinds,
pergolas, and corbels with different materials. Generally, students in classrooms take notes
on paper while lecturers work with computers in their offices. The majority of the classes
are during the daylight period. When taking notes, the lighting is very important and
so is the natural lighting. Although the shade factor of some rooms can be modified (for
example, those windows with curtains or mobile blinds), the majority of the shadows
in classrooms are fixed (such as fixed blinds, pergolas or corbels) for protecting against
radiation and reducing the thermal demand in summer. In offices, the majority of the
work is done using computers. In this sense, the natural light might not be so relevant
for lighting satisfaction in comparison to the problems derived to the sun reflections on
the computer screen. On the other hand, the majority of the shades in offices are mobile
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shades that occupants can adapt to their needs. This is the main reason why the shade
factor was not found to be correlated with the lighting satisfaction in offices. Desk location
and office layout might also be factors that influence lighting satisfaction [7,23]. Due to the
anonymization of the survey results, no data on the desk location of the participants was
not requested and no analysis on the office layout and desk location was carried out.

For thermal quality in the summer, differences between classrooms and offices also
manifested. These differences are mainly due to the HVAC systems installed in these
rooms. The majority of the classrooms (77.7%) do not have cooling so the thermal comfort
in summer depends highly on the thermal loads from the envelope insulation. The façade
insulation is very similar for all rooms but not the types and thermal insulation of the
windows. Hereof, although having a higher lighting satisfaction when WWR is high, those
rooms without cooling systems should incorporate windows with low thermal transmission
glasses or install insulated curtains that can be used when the sunlight directly falls upon
the windows; the cost implications are much lower than substituting the glass. The analysis
of the different perceptions of lecturers and students in classrooms highlighted that both
groups have similar thermal comfort satisfaction for the different types of cooling. The
average satisfaction when there is no cooling is 2 for both groups; when fan–coils are
installed, students do have a higher thermal comfort (3.5) than lecturers (3) and when splits
are installed, there is no difference of thermal perception between the different groups of
occupants. Ninety-three per cent of the analyzed offices do have cooling systems whether
by fan–coils or by splits.

Surprisingly, no influence was found between the thermal satisfaction in winter in
offices and the type of cooling. The results reveal that the occupants are mainly concerned
by those noncooled rooms but once they are cooled the type of cooling does not influence
thermal comfort. The average outdoor temperatures where the study was carried out were
between 4 ◦C and 15 ◦C in winter, between 10 ◦C and 21 ◦C in spring and autumn and
from 18 ◦C to 28 ◦C in the summer. These characteristics allow us to conclude that in the
winter period heating is required, while for the rest of seasons, control under ventilation
can leverage the potential thermal or air quality discomfort.

The envelope characteristics was neither found to be significant for thermal comfort
in winter. In fact, when heating is installed, although requiring higher energy consumption
due to the low energy performance of the envelope, the end users of tertiary buildings
which are not the owners of the company don’t care about it.

Regarding air quality satisfaction, no correlation was found in classrooms or in
offices—neither in summer nor in winter. All rooms have natural ventilation but not
many classrooms do have forced ventilation. In general, summer air quality satisfaction in
classrooms were worse rated than in offices. The absence or insufficient use of ventilation
systems can provoke high levels of CO2, which might be caused by high occupancy den-
sity. Existing regulations make it compulsory for new tertiary buildings to provide forced
ventilation [37]. Pawelwargocki et al. [38] confirmed the benefits for health, comfort and
productivity of ventilation at a rate greater than the bare minimum required by the current
standards and guidelines. However, most of the existing building stock still lacks forced
ventilation. Achieving classroom ventilation by manually opening windows is complex
because all occupants must agree to open or close windows. Forced ventilation is then a
better solution for air renovation in high occupancy rooms. On the other hand, although in
the offices there is likewise no forced ventilation, the low occupancy levels allow occupants
to open windows for air renovation. Therefore, the results manifest that the type of ventila-
tion system is not associated with the air quality satisfaction but the opportunity to monitor
and control the HVAC system. Although not providing the highest comfort, the feeling
of controlling the environment provides the occupants higher satisfaction. Furthermore,
providing the installation of filters in a forced ventilation system has positive effects on
workers’ productivity in office buildings since it reduces indoor air pollutants, as shown
by [39]. Implementing forced ventilation in existing buildings might not be physically
feasible due to the space requirement for ducts and vents. However, allowing control of
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HVAC systems, which is technically feasible, can leverage the potential thermal or air
quality discomfort.

When analyzing the satisfaction with the entire building where students or lecturers
and administrative staff spend the majority of their time, the construction age of the
buildings was found to be significant. Occupants are more satisfied with newer buildings
than older ones. Newer buildings were built using the Building Technical Code [37]
which involves design parameters related to functionality, safety, accessibility, health and
sound insulation. Moreover, new buildings are equipped with modern systems, entrance
doors, etc. Differences were also found between students and lecturers and administrative
staff regarding the age of the building. In general, lecturers prefer newer buildings than
students. This fact might be attributed to “forgiveness factors” [40]. Occupants accept
different quality indoor environments depending on their expectations. Lecturers, who
have generally been working longer in a building than students, who occupy buildings
for less than five years, are more demanding with their workplace because they expect
to occupy it for many years, while students know that they will be in the building for a
short number of years. Previous studies also found associations between the time spent
in a room and the IEQ. Rasheed et al. [41] found that those who spent more time at work
were less satisfied with IEQ factors. However, productivity and well-being were found to
be affected by the acoustic and air quality.

6. Conclusions

This paper presented the results of a satisfaction survey on indoor environment
administered to 1013 occupants of 26 academic buildings in the Mediterranean climate.
The respondents were asked to rate their satisfaction with thermal comfort, indoor air
quality, lighting and acoustics, both in the offices and the classrooms of the building they
occupy.

This research demonstrated that building characteristics influence IEQ perceptions of
different rooms in tertiary education buildings. The results revealed that:

• Lighting quality is associated with WWR and shade factor in classrooms but not
in offices. The different tasks performed in each room might be the cause of this
difference, together with the impossibility of controlling shadows in classrooms.

• HVAC is associated with thermal and air quality in summer in classrooms. The high
occupancy density and the inexistence of forced ventilation might be the main causes.

• The envelope characteristics are not associated with thermal comfort in winter in
offices, suggesting that when heating is installed, although requiring higher energy
consumption due to the low energy performance of the envelope, the end users of
tertiary buildings don’t care about it.

• The age of the building is associated with the global satisfaction of the end users. Occupants
are more satisfied with newer buildings mainly because they fulfil stricter regulations in
terms of comfort. In general, lecturers prefer newer buildings than students.

The outcomes of this study reinforce the importance of designing adaptable spaces
and providing user-centric control of the HVAC and lighting systems. These findings also
reveal that in tertiary buildings the implementation of energy efficiency measures must fall
on facility managers, who should also provide the occupants with control over their indoor
thermal control, operable windows and shades. Providing occupants with control over
their lighting elements and indoor environment was shown to improve their satisfaction.

The findings of this study might assist building designers, managers and owners
to focus on occupant-centric aspects when designing and managing tertiary education
buildings where different type of rooms with different activities coexist. The IEQ of rooms
that are permanently occupied need to be carefully analyzed and HVAC, acoustic and
lighting systems need to be designed to meet end users’ comfort and satisfaction needs.

The number of interviews with students compared to lecturers is the most relevant
limitation of this study. However, the results were statistically significant. Future steps will
include the analysis of other rooms such as halls, conference rooms or areas for studying.
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Appendix A

Section 1. Interviewee details

Sex: Male/Female
Age:

Section 2. Workplace details

Please select the campus you have been working on:
e

Campus Terrassae
Campus Nord

Please select the name of the building you have been working in.
e

A1/A2/ . . .

On which floor of the building is your workspace located?
e

1st floor/2nd floor . . .

Please select the room you have been working in:
e

A101/A102/ . . .

How long have you worked in this building?
e

Less than 1 yeare
Between 1 and 5 yearse
Over 5 years

Which of the following do you personally adjust or control in your workspace (tick all
the points that apply)?

e
Windows blinds or shadese
Room air-conditioning unite
Portable heatere
Permanent heatere
Adjustable air vent in wall or ceilinge
Ceiling fane
Portable fane
Thermostate
Operable windowe
None of thesee
Other:

Section 3. Satisfaction with the workplace.

Indicate your degree of satisfaction with the following aspects of your workplace
(Very dissatisfied, dissatisfied, neutral, satisfied, very satisfied):

Thermal sensation in summer
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Thermal sensation in wither
Air quality in summer
Air quality in winter
Lighting quality
Acoustic quality

If you are dissatisfied, which of the following contribute to your dissatisfaction:
Thermal quality:
e

Always too hote
Often too hote
Occasionally too hote
Occasionally too colde
Often too colde
Always too cold

Air quality:
e

The air is stuffye
The air is drye
The air is humide
There are disturbing odourse
Other:

Lighting quality:
e

Glare of sunlighte
Lack of daylighte
Darke
Impossibility of controlling lightinge
Low level of artificial lightinge
High level of artificial lightinge
Other:

Acoustic quality
e

Noise from air conditioning unite
Noise from lightse
Noise from exterior machinese
People talking loudly in the corridore
Noise from the elevatore
No insulation between roomse
Other

Section 4. Satisfaction with other aspects of the building.

How satisfied are you with the state of preservation of the building and its service
systems (Very dissatisfied, dissatisfied, neutral, satisfied, very satisfied)?

If you are dissatisfied with the state of preservation of the building, which of the
following contribute to your dissatisfaction:

e
Structure vibratinge
Façade covering may fall downe
Aesthetic problems (wall needs to be painted)e
Doors/windows do not work properlye
Lights burnt oute
Elevator not workinge
Equipment not working (air-conditioner, etc.)e
Other:

Indicate your overall satisfaction with the building that you work in (Very dissatisfied,
dissatisfied, neutral, satisfied, very satisfied).
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