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Abstract: The association between learning spaces and new pedagogical approaches is a current issue.
Research shows that the classical, more silent, master class is being bypassed by student centered
methods with participative classes and active methodologies. Major efforts in teacher training are
taken to help teachers implement these new approaches in their lessons. The conditions of the
learning space are also influential. The following question is raised: Can acoustic comfort facilitate
innovation and consequently help in the progress towards SDG? We have focused on public high schools in
Spain (IES), in the Valencian Community. Data has been gathered from the visit to thirty high schools.
International scientific studies and valid guidelines referring to noise have been reviewed. Findings
on the research conclude that acoustic comfort is essential in education and is directly related with the
implementation of emerging pedagogies. Likewise, the outcomes of the investigation hope to raise
awareness among authorities and civil society that improvement of sound quality in learning spaces
facilitates the achievement of sustainable development goals (SDG), particularly those concerning
goal 3 (health and wellbeing), goal 4 (quality education) and goal 9 (sustainable infrastructures).

Keywords: educational innovation; active methodologies; learning spaces; space design; acoustic
comfort; sustainable development goals

1. Introduction

Student centered methods with participative classes are narrowing the gap between the
methodology used in education and labour market challenges as society is moving towards a
more sustainable development.

We strongly believe in the words cited in the Spanish Education for Sustainability Report published
in 2017 “A school that promotes education for sustainable development is a community that teaches
for the future, is part of a complex culture, uses critical thinking, clarifies values, that lives and
experiences the environment and acts responsibly seeking sustainability. As a result, it offers an
innovative education, in which the organization is examined, as well as the operation and management,
democratic participation, methodology and role of the teachers, and consequently, fosters cooperation
with local, regional or global nets” [1] (p. 10).

We also support the commitment with the Agenda 2030 and the importance of moving towards
sustainable development goals (SDG). This specific study concerns targets corresponding to SDG3
(health and wellbeing), SDG 4 (quality education) and SDG 9 (sustainable infrastructures). Through
active and participatory methods, we are promoting a work philosophy that listens to the community,
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and stands on values and attitudes that encourage change towards more sustainable development
outcomes [2,3].

However, we are currently witnessing that in spite of teacher training in order to expand active
methods, on site, in the classroom, obstacles arise and bottlenecks appear. Very often, these challenges
are related to the building environment. Only recently the connection between the physical features of
the environment and its effects on user’s performance [4-6], frame of mind and emotional states of
the students [7], even discipline and behavior issues [8] have started gaining momentum. Even more
recent is the relationship between spaces and the effects on teachers’ health and conduct [9].

There is a broad international consensus on the virtues of active methodologies and how these
encourage more sustainable outcomes. It is our objective to raise awareness amongst the educational
community and decision makers in the planning and design of schools that optimal sound insulation
is needed and proper sound absorbing materials should be used in construction and refurbishment of
learning spaces [7].

This article about acoustic comfort is part of a wider research aimed at contributing useful
guidelines so educational spaces become facilitators of the work and achievements of students
and teachers. Thus, the building itself and the constructed school environment take an active role
in transforming educational methodologies and helping implement an education for sustainable
development [10]. If we are supporting active methods to guarantee the achievement of SDG, what
is the role of acoustics? Do we have suitable conditions? Are learning spaces adequately conditioned
regarding acoustic comfort (proper insulation, optimal wall, floor and ceiling coverings in order to avoid
reverberation, appropriate location within the school, etc.)?

The next step is to investigate the weaknesses of classroom conditions and the relation between them
and the implementation of new active methodologies, which produce necessarily more noise. Twenty
first century methodologies no longer focus on only one person, the teacher, who imparts knowledge to
pupils while they listen and learn in silence. Nowadays, the new strategies, more so, with young and
adolescent students cause “noise”, specially to users of adjacent rooms, who may be a lot older.

New pedagogical approaches inspire teachers, at all levels of education, to implement techniques
that diverge from the classical master class. Active learning strategies and methodologies such as
cooperative learning, design thinking, learning by doing, flipped classroom, use of ICT to produce,
project-based learning-ABP, learning and service projects, inquiry-based learning and different
uses of mobile devices are student-centered methods endorsed by competencies in the four C’s:
Communication, collaboration, creativity and critical thinking [11].

Some of the questions that support our research concern physical space and involve more directly
architects, engineers and designers: Are acoustic conditions favorable in classrooms (even for traditional
methodologies)? Others regard new ways of learning and teaching: Are acoustic conditions acceptable for
certain new methods? Can acoustic discomfort limit or slow down teachers’ urge to implement innovative strategies?
Others refer to health issues: Does the need to battle background noise cause throat problems, temporary voice
loss, and other physical, emotional or mental problems in teachers or students? They all lead to the key question:
Can acoustic comfort facilitate innovation and consequently help in the progress towards SDG?

2. Materials and Methods

Our research has focused on public Institutos de Ensefianza Secundaria (IES), public high schools,
in the Valencian Community in Spain. It is advisable to clarify certain details about the functioning
system of these schools. Figure 1 describes a brief outline of the education provided at a Spanish high
school. These schools in most of the cities of the Valencian Community administer a wide spectrum
of educational levels: Ensefianza Secundaria Obligatoria (ESO), Advanced Secondary education
(Baccalaureate) and vocational studies (Formacién Profesional -FP-). Most schools enroll about one
thousand students. The age of students is also wide ranging,, somewhere between 12-13 years of age,
for first year secondary education and over 40 in some cases for vocational study students. The most
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numerous age bracket being from 12 to 16 year olds, which is compulsory secondary education. The
teaching methods and interests, of both teachers and pupils, of the different levels very often diverge.
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FP SUPERIOR 2ND COURSE
(OVER 18)
BACH aovaNcED vocaTONAL
CERTIFICATE 1ST COURSE
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ELEMENTARY SCHOOL

Figure 1. Brief outline of the Spanish Secondary Education System. Source: Compiled by the authors
based on current legislation.

The questions posed for the research have led to carrying out the investigation in different phases
and by implementing varied methodology. Information gathered for this paper is summarized in
Figure 2 and explained below.

Design
Thinking
‘Workshops

Proj
. Work for
Scientific Acoustic awareness
Literature comfort (students)
Surveys,
interviews &
Plans & Fieldwork

Legislation , {professors)

Figure 2. Various information sources considered for the research.

e  SCIENTIFIC LITERATURE. There is a broad consensus in the international community regarding
the advances that the design of spaces implies for educational improvement, as seen in the
scientific literature consulted. National and international scientific studies included in referenced
journals have been reviewed, as well as referenced conference proceedings. Books published
since 2010 about learning spaces and reports available online were consulted. The keywords used
for the search were: Acoustic comfort, noise in schools, sustainable development goals, learning
spaces, school design, and participatory approaches. Science direct and Google Scholar engines
were used to find articles. Once the articles were selected, references were looked over to identify
other relevant studies. In this second search, we preferred papers, which had been made available
through open access publications.
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e PLANS & LEGISLATION. Regulations for the construction of public secondary schools in the
Valencian Community have been consulted, as well as the floor plans of twenty high schools. The
report, which was sent to the Inspection of Education [12] after the inauguration of IES Mediterrania
of Benidorm (Alicante) in 2007, can be considered as the initial concern for this investigation.

e  DESIGN THINKING WORKSHOPS. We are aware of the importance of participatory approaches
in an education for sustainable development education. Therefore, we have promoted and
attended design thinking processes for the planning of university learning spaces. Outcomes of
these workshops [13] are easily comparable with high school requirements and therefore have
been used in point four of this paper to contribute to solutions and suggestions.

e PROJECT WORK FOR AWARENESS. Students were involved in projects implementing a
methodology of participatory action research in order to raise awareness of noise issues and
highlight that we all need to be part of the solution. An example of these activities is the video
mentioned in Section 3.2 “Architects, Help!” [14].

e SURVEYS, INTERVIEWS AND FIELDWORK. We have visited thirty schools in the Valencian
Community, mainly in the province of Alicante and conducted individual and collective interviews
to principals and teachers. Furthermore, a structured survey, about the efficiency of learning
spaces was sent to teachers of the high schools in the province of Alicante. The Educational
Authorities of Alicante (Direccion Territorial de Educacion de Alicante) have been informed of the
ongoing investigation. Gathering of statistical data and indicators supplied by surveys, interviews
and visits to IES occurred between July 2018 and March 2019, although other informal school
tours and interviews had been taking place for an extended period of time.

O Interviews. A total number of twenty-two directors were interviewed using a face-to-face
semi structured interview [15], that is, previously prepared questions, but that can be
adjusted or new ones added according to the participants” answers. One hundred percent
of the public high schools in the city of Elche (Alicante), fifteen in total, participated in the
study. The duration of each interview and the school tour that followed lasted between
one and a half to two hours.

@) Survey. The day after the interview, an online structured questionnaire, specific for
teachers, was sent for the principal of the high school to pass on to the staff. This tool
provided the investigation with feedback from teachers concerning conditions of the spaces
they use as well as the methodologies they implement. It also gives specific information
concerning the subject each teacher lectures teaches with a differentiation between academic
subjects, taught in standard classrooms and practical ones, which use specific classrooms
or workshops. For this particular paper, only the answers concerning acoustics in standard
classrooms were considered, 147 responses in total. The findings are summarized later in
this article. See Figure 3 for distribution of subjects.
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Figure 3. Distribution of responses to questionnaire according to subjects.
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With respect to the statistical methodology used to analyze the data, the significance level is set to
95%. To compare proportions, we use a z-test and to compare means we use a Student-t test, which is
available in common statistical bibliography.

3. Findings and Discussion
3.1. Findings Obtained from Scientific Review

3.1.1. Negative Effects of Noise in Schools

Studies consulted agree upon the fact that poor acoustics or noise that comes from within or
outside of the classroom interferes with student’s learning and hinders teacher’s ability to continue
with instruction [7,16-19]. Working in the presence of a continuous background noise affects academic
performance [20,21]. Some authors argue that even if acoustic pollution did not have a direct effect on
academic performance, health issues should be considered of major importance [7,22].

Measurements carried out in primary and secondary schools in Finland [24], Sweden [17],
Brazil [25], Iran ([21]), The United States [20] Turkey [26] and Pert [27] show that schools are exposed
to greater noise levels than recommended. In some cases, causes of this noise pollution are due to
external factors such as, air traffic or highway noise, but it is more common that the noises come from
activities that take place from within the school such as, music, sports, games, engaging dynamics,
lunchrooms [7]. According to data from the Department of Education of the Basque Government in
school dining halls, comparable to cafeterias in high schools, the average level of decibels can reach 85
decibels (dB), going up to 100 dB in many instances. According to law [28], in classrooms, noise levels
should be under 40 dB (see Table 1). Acoustic quality noise levels inside buildings according to their
use during daytime (Ld), afternoon (Le) or night (Ln) is shown in Table 1 [23]. A comparative level of
sounds is displayed in Table 2 [29].

Table 1. Acoustic quality goals for noise levels inside buildings for residential use, hospitals, schools
and cultural centers. References for 1.2 to 1.5 m height. Retrieved from Royal Decree 1367/2007,

19 October [23].
Noise Level (L)
Use of the Building Type
L Day L Afternoon L Night
Living areas 45 45 35
Residential use
Bedrooms 40 40 30
. Siting areas 45 45 35
Hospitals
Bedrooms 40 40 30
Classrooms 40 40 40
Schools and cultural

Reading rooms 35 35 35

The distraction that is created in noisy environments alters cognitive performance [5]. Unfavorable
acoustic conditions not only affect oral comprehension, but also written comprehension and expression,
due to the reduced ability to concentrate and remember facts. “The 9 Foundations of a Healthy
Building” [16] is a study conducted in 2017 by a multidisciplinary team of experts from Harvard
University working with a program to develop healthy buildings. This research verifies that noise causes
distraction and interferes with students’ learning and can affect cognitive development, especially in
children younger than 15 years, who are still in the process of developing language skills. Furthermore,
students with special needs, such as attention deficit disorder or hearing loss suffer from more severe
uneasiness due to noise disruption [5,30].

It is admitted that the discomfort that is generated by noise not only limits concentration and
attention, which causes physical stress and fatigue due to the tension that it creates, but also produces
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psychological stress, causing people to feel irritable or frustrated. Furthermore, psychological stress
and irritation due to noise can be the reason behind incidents in the classroom [8,16]. A relationship
has been observed between annoyance caused by persistent noise and an increase in disruptions that
create discipline issues [20]. It can also induce professional dissatisfaction and uneasiness amongst
teachers, making them feel reluctant to incorporate more engaging dynamics.

Table 2. Comparative table of the level of common sounds, expressed in A-weighted decibels
(dB (A)) [29].

COMPARATIVE TABLE OF DECIBELLS

Birds singing 20 dBA
Rustling of the wind in trees 25 dBA
Reading room 35dBA
Computer 45 dBA
Conversation between two people 55 dBA
Vacuum cleaner 70 dBA
Office (10 people) 75 dBA
Garbage truck 85 dBA
Road traffic 90 dBA
Car horn 95 dBA
Bus horn 100 dBA
Disco music 110 dBA
Motorcycles 115 dBA
Hydpraulic drill 120 dBA
Jet airplane takeoff 140 dBA

Moreover, background noise forces teachers to raise their voice 10-15 dB above normal conversation
level [31]. Physiological intensity of the voice at normal conversation level is equal to or lesser than 60
decibels. This means that a teacher speaks at a level of at least 70 dB during a good part of the day.
This situation causes work-related disorders, such as loss of voice (according to the Spanish Federation
of Education Workers, 22% of Spanish teachers suffer voice loss), sore throat, nodules [9,30,32] or even
mental fatigue, anger and irascibility [16,18].

3.1.2. Practical Compared to Academic Subjects

Research confirms that certain subjects do not face noise issues the same way as others. A
contrast exists between “practical” and “academic” subjects. Practical subjects are those taught
traditionally in workshops, labs or specific classrooms, while academic subjects are instructed in
standard classrooms [21]. Subjects that are taught in spaces equipped for workshops (technology,
art) laboratories (physics and chemistry, biology, natural sciences) sports (physical education), and
computer classes implement a more engaging methodology and do not face noise disruptions the same
way as other academic areas. Academic subjects are the most adversely affected by noise disruptions.
According to studies conducted in Sweden in students from ages 12 to 14, the results in reading
comprehension tests were higher in quieter classrooms [31]. The results of the math tests, which were
carried out in the United States, also show lower grades in classrooms where there were higher noise
levels [20].

It is important to highlight this fact, seeing that in Spain these two subjects, mathematics and
language are considered key subjects for promoting from one year to the next in Ensefianza Secundaria
Obligatoria (ESO—Compulsory Secondary Education). That is, a student in ESO can be promoted to
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the following level having failed two subjects, as long as they are not mathematics and language [33].
This is important for obtaining the Certificate in Compulsory Education. According to information
from the National Statistics Institute (INE) for data of 2017, Spain has a very high school drop-out rate
(18.9%), whereas the average for the EU is 10.7%.

3.1.3. A Participatory Approach

A participatory appraisal is necessary [34-36] to solve problems concerning learning spaces and to
avoid repeating future construction errors due to the lack of knowledge about teaching methodologies
on the planners’ part.

Awareness is growing amongst architects and engineers on the need to bear in mind that problems
created by poor acoustics are difficult to solve after the basic design phase of the building and specially
have a greater economic cost [4,37,38]. For the purpose of a proper planning and design of a school, it
is necessary to know first-hand the use that each space will have [37], and for this reason we should
turn to participatory processes [34-36]. Particular efficiency is being demonstrated by the methodology
of design thinking [13,39-41].

Furthermore, countries that exemplify educational innovation, such as Finland, are starting to
establish multidisciplinary commissions to evaluate the design of new schools as well as to advise
on the renovations of existing ones in order to provide optimal learning space quality [7,29]. These
commissions are convincing authorities to include conclusions of their studies in specific legislation
for school building construction [7,22]. Therefore, the infrastructure itself becomes an ally in the
development of methodologies based on collaborative work and facilitates the learning process [10].

3.2. Findings Obtained from Plans and Legislation

The Noise Pollution Protection Act. (Law 7/2002, 3 December, Generalitat Valenciana) [28] states
that “Noise, contemplated as an undesired sound by the listener or an unpleasant and annoying sound,
is nowadays a cause of concern as a result of its effects on health and human behavior, individually and
as a group; examined the physical, psychological, and social consequences.” Noise is a key indicator of
environmental quality. It is an acoustic pollution and therefore, greater noise generates a lower quality
of life [42].

Thereby, the need for acoustic comfort is gaining significance. Both from the education sector
to environmental agencies, steps are being taken to educate citizens about the negative effects and
highlighting that noise pollution affects our health and wellbeing. Various cities in Spain have developed
programs along these lines. Madrid, for example, created in 2005 the educational program “Educar
para vivir sin ruido” (Educating for life without noise) [43]. This program offers guided teaching
approaches to work on activities in primary and high schools to engage everyone in the community
to take action and control the noise in their immediate surroundings, schools, neighborhoods, and
homes. Inside schools, initiatives are also being undertaken, as seen in the projects carried out by 1st
ESO students at IES San Miguel de Meruelo in 2013 [44] or in the video “Architects help!”, produced
by 2nd ESO students at IES Mediterrania in Benidorm in 2017 [14].

The side effects that buildings have on people are, fortunately, a growing concern. Research shows
that the building environment has repercussions on people’s health as well as on work performance.
The Building Ordinance Act (38/1999 of the 5th of November-LOE-La Ley de Ordenacion de la
Edificacion) [45] passed in 1999, is a state level law. It covers educational and cultural buildings and
includes guidance in order to improve the user’s well-being. Article 3 defines the basic building
requirements as related to functionality, security and habitability. In the latter, sound protection is
included; it establishes that users should be able to carry out their duties successfully and that noise
should not put a person’s health at risk.

The uneasiness that noise pollution creates occupies one of the top issues in the list of concerns in
modern communities. Nowadays, it is increasingly common to refer to the IEQ (Indoor Environment
Quality) level of a building [46]. This concept includes elements such as noise, thermal comfort, indoor
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air quality and even visual comfort. The ambient quality is related to higher productivity [31,47].
Furthermore, guides are being published for architects which include recommendations for sustainable
construction such as: LEED (Leadership in Energy and Environmental Design) [48] or GSAS (Global
Sustainability Assessment System) [49]. Although in educational buildings there is still, a lot of ground
to be covered [37].

In Spain, the Technical Building Code (Coédigo Técnico de la Edificacion) [50], passed in 2006 and
subject to continuous changes, is the current framework, which is mandatory to comply. The Technical
Building Code regulates the basic quality demands of buildings, which are included in the Building
Ordinance Act. It is composed of a General Part and a series of Basic Documents: Structural integrity,
fire safety, use and accessibility safety, energy savings, and health and noise protection.

The approval of the Technical Building Code has meant a qualitative leap in regard to the
way insulations are viewed in Spain. The Basic Document of Noise Protection (Documento Bésico
de Proteccion contra el ruido) included in the Technical building code [50] was modified in 2016.
Its objective is to establish rules and procedures to limit the risk of sickness and discomforts that
noise pollution can cause in the people who occupy the buildings. According to this document, the
construction materials should satisfy the appropriate noise characteristics in order to reduce airborne
sound transmission, reduce the noise caused by impacts, reduce the noise caused by vibrations from
the building’s mechanical equipment, and, finally, limit the noise caused by reverberations in every
area of the building. Compliance with this Document ensures minimum levels of quality for the basic
requirements of noise protection.

This Basic Document of Noise Protection, also a state law, is what determines the sound criteria for
the construction of the high schools in the Valencian Community. However, this document determines,
mainly, the minimum insulation needed to protect interior spaces from noises caused by external
sources and has been modified as recently as 2016, all the schools subject to study were built before
that date. Architects are required to take data from city noise maps, which give information about
the intensity of the sound that is produced in each area and each street of the city. According to this
information and using different charts from the Basic Document of Noise Protection, the amount of
necessary insulation is calculated. For example, insulation for facades fluctuates between 33 and 53
decibels, depending on the city map for outside noise.

Regarding the interior spaces, when designing a school, each space should be classified according
to its use, for example, premises such as classrooms and offices are considered to produce a noise
(R) less than 70 decibels. Other activity premises such as music rooms, workshops, cafeterias are
considered to produce a noise level between 70 and 80 decibels.

Areas classified for instructional purposes (classrooms, multi-purpose rooms, offices, departments
and the library) are designated as protected spaces. Upon studying the charts of the Basic Document
of Noise Protection, these areas should be insulated from each other for at least 50 dBA (A-weighted
decibels). Between a protected area, a classroom for example, and a mechanical room, such as the
boiler room, they should be insulated from at least a level of 55 dBA. Additionally, anti-impact iron
sheets must be placed on the roof to insulate from impact caused by noise. Moreover, vibrations from
the mechanical equipment should be reduced with shock absorbers which absorb the movements
produced by the equipment in order to avoid the noise being transmitted to the rest of the building.

In the Construction Plan of a school, a report on the buildings’ compliance with the Basic
Document of Noise Protection must be included. Furthermore, once construction has begun, it must
be supervised meticulously in order to control materials’ reception and to assure they are quality
materials. Attention to detail and good construction should be closely monitored to avoid “sound
bridges.” Once construction is finished, noise studies should be conducted on the premises to guarantee
the compliance of sound protection in classrooms and protected areas. All in all, according to law,
acoustic comfort should be guaranteed.

However, there are no specific guidelines in the regulations that indicate that school sport fields
or playgrounds should be located away from classrooms, nor that music rooms should be placed on
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the highest floor of the building, away from protected areas or maybe, even outdoors. Nor are there
directives, which state that the cafeteria or gym should be in a different building than the classrooms.
These seem to be left to good common-sense practices of the planners.

The Spanish Basic Document of Noise Protection [50] has, mainly, the goal to protect the premises
from external noise (street). This fact should be changed and noise within the school should have the
same consideration.

We find that noise pollution in high schools is due to the use of low-quality soundproofing
elements, or even the use of materials that increase reverberations [7], or due to a lack of planning as

seen in the layouts of Figures 4 and 5.
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Figure 4. Results from the structured survey to teachers about the acoustic conditions of the classrooms.
(a) Percentage of teachers that indicate the absence of reverberation or echoes in none, some or all of
the classrooms they teach in; (b) percentage of teachers that indicate minimum noise/disruption from
outside in none, some or all of the classrooms they teach in.

Disagree Agree
Educational Spaces are important for teaching in optimal conditions.

Figure 5. Willingness to apply active methodologies if space conditions improve.
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3.3. Findings Obtained from Field Work, Interviews and Survey

3.3.1. Findings from the Teachers’ Questionnaire

A structured survey, about the efficiency of learning spaces was sent to the high schools in the
province of Alicante. The questions regarding acoustic comfort in the classroom were the following:

e  Ave the acoustic conditions of the classrooms in which you teach acceptable (There is no reverberation
or echo)?
o p096. Are noises from outside or adjacent spaces minimum (they do not cause disruption/discomfort)?

Figure 4a shows the percentage of teachers that indicate that none; some or all the classrooms
they teach in have reverberations and echoes. Twenty percent say in none of the spaces the acoustic
comfort is acceptable, 39% indicate that only in some spaces and 41% say there are no reverberations
or echoes in all the spaces where they work.

Figure 4b illustrates the percentage of teachers that point out that in none, some or all the
classrooms they teach in the noise from outside is minimum. Thirty-two percent admit that in none of
the classrooms noise is minimum, 44% say in only some rooms it is minimum, if we add these two
results, we can conclude that 76% feel discomfort due to outside noise, and only 24% acknowledge
acoustic comfort in all the rooms they teach in.

p-values for z-test are considerably lower than 0.05 (significance 95%):

e  p-value = 4.353 x 107° concerning acoustic conditions inside the rooms (tiling, shape, structure)
e  p-value < 2.2 X 107! regarding insulation from outside noise or adjacent rooms.

Thus, we can affirm that most teachers do not feel acoustic comfort in classrooms, both for internal
conditions as for noises coming from outside. Statistical evidence is significant.

Regarding the question can acoustic discomfort limit or slow down teachers’ urge to implement innovative
strategies? Two aspects considered in the questionnaire respond to this research question:

e  How important do you consider a better conditioning of learning spaces in order to perform in optimal
conditions. Teachers were asked to answer on a scale from one to five. Although this inquiry does
not directly refer to acoustics it has a direct relation to it. The results were categorized in two
levels: Those who value the need of better conditioning positively (rate 4 and 5 measured on the
Likert scale) or negatively (rate 1, 2, and 3).

e  How would teachers use active methodologies in optimal working conditions in relation with the methods
they are using currently? Each rating (actual and optimal use) was collected on a scale from 0 to 10,
therefore the difference is on a scale between (-10,10). Positive rates identify a proactive attitude
towards the incorporation of active methodologies providing optimal conditions were given in
the school.

We resolve our question through a Student-t test with an alternative hypothesis: “those teachers
that recognize the need of good conditioned spaces (and therefore good acoustic conditions) are more motivated to
move on towards using active methodologies than those who don’t care about educational spaces (or acoustic
conditions)”. Differences are shown in Figure 5, and clearly significative given a p-value of 0.037 for the
Student-t test. Thus, we verify that the implementation of active methodologies is restricted by the
space conditions, in which acoustic comfort is included.

3.3.2. Music Rooms

The case of the Music subject in ESO requires particular attention in Valencian Community;,
a region of strong musical tradition. Not until 1990 when the LOGSE Education Act took effect, was
music a noise issue. Before then, very few high schools had music teachers. The subject of music was
more theoretical and philosophy and humanities teachers would teach concepts about the history of
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music; instruments were rarely or never used, with the exception of, sometimes, the recorder. However,
since then and ever so gradually, musicians who hold a degree required for teaching music classes
have joined the faculty at current high schools. Nowadays, there is also a more practice-based music
curriculum. Through new methodologies students are invited to bring out their inner talent and
to participate in projects and concerts, rehearsed in class, but performed in the local community or
even internationally through Erasmus programs. Furthermore, some of these projects are based on
community and learning-service approaches pursuing sustainable development objectives, as is the
event that is held at the Hospital General Universitario de Alicante (Universitary General Hospital
of Alicante) by Special Educational Needs students [14]. With such activities, values are promoted
through action, not only by conceptual means.

Even though the music curriculum for the ESO is broad and not only limited to playing
instruments, it is obvious that practice, rehearsal and performances raise student’s motivation and
levels of self-esteem. The sound of the instruments due to lack of soundproofing causes discomfort in
adjacent rooms. Interviews confirm that the discontent is more prevalent among teachers of academic
subjects, given that part of their lessons require greater concentration and silence for exercises. Such is
the case in foreign language comprehension and expression, writing in history, philosophy, reading
comprehension in any language, calculating and problem solving in mathematics.

As there are no regulations about the location of music classrooms, cases such as those seen in
Figure 6 can occur. The building of the IES Mediterrania in Benidorm was inaugurated in 2007. It was
designed for 1000 students and 90 teachers. The school was constructed with two non-soundproofed
music classrooms on the main floor of the central building and larger in dimensions than other
classrooms, which makes it difficult to find another location for these spaces. According to facts from
the interview conducted with the principal in June 2018, the school has invested more than 30.000
euros trying to soundproof the space, but it has not been very effective. It's not only the financial
cost but a growing tension and a feeling of powerlessness on the affected teachers that makes the
situation problematic.

PATIO N° 3 PATIO N°:2 PATIO N°1

PLANTA2 o loososms | :
CURS |

Figure 6. Music rooms (223 and 225) in the center of the school premises.

Truth-be-told, this is the only school where we have observed this situation. However, the
uneasiness caused by this mistake, declared by teachers and students, reaches such an extent that it is
important to be aware of this fact for future school planning and construction.
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3.3.3. Foreign Languages

Emerging methodologies promote increased verbal communication in the foreign language
classroom by both the professors and students. Students are expected to interact between classmates
and the teacher, as well as conduct oral presentations in the target language in order to achieve
sustainable development goals. Oral expression in the language is considered equally as important
as oral comprehension. With the latter, one must bear in mind the importance of audio transmission
devices and the need of clear sound and little reverberation. Teachers that give instruction in a language
that is not the mother tongue of the students, state that they require spaces in which the acoustics
of the learning environment have been carefully taken into consideration. One hundred percent of
the foreign language teachers (nine English teachers and three French teachers) interviewed at IES
Mediterrania claim difficulties in their subject due to the noise from other activities in the school,
mainly music rooms and sport fields. See Figure 7.

e

v ¢
PLANTA 0 [ L ‘
CURS -

Figure 7. All classroom facades facing sport fields.

4. Recommendations and Conclusions

4.1. Recommendations

Following are a number of solutions that emerged from the analysis of scientific literature,
outcomes of design thinking workshops, conclusions of field trips to the school premises, or findings
collected from surveys and interviews with teachers. They are suggestions belonging to a sustainable
development education approach that would definitely, contribute to an improvement of acoustic
comfort in learning spaces.

We have divided the ideas into three categories according to an estimated financial cost.

4.1.1. Category I. High Financial Cost

The first category includes ideas concerning the building design. They would avoid errors that
indicate a lack of vision on the part of the planners or little knowledge of the current educational
uses of the spaces. These mistakes are difficult to solve once the building construction has finished or
represent a substantial investment after construction and should not be charged on the school’s budget.

The following are important recommendations:

e Itis advisable to plan sources of noise “pollution”, such as playgrounds, sport fields or music
rooms, not facing or adjacent to classrooms or libraries [7] as seen in Figures 6 and 7.

e Heating and ventilation ducts are noise conductors. Shared systems should be avoided in order
to prevent noise interference [51].
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e  The geometry of space also influences acoustic comfort. In rooms that are narrow, sound bounces
back from the walls generating reverberation and acoustic discomfort to the users [37], therefore
square spaces are more acoustically comfortable.

e  Vertical ceramic tiling or huge glass windows increase reverberation. The echoing of sound is
worse when walls, floors and ceilings are not porous. It has been observed, in certain schools,
that they have added porous elements, for example, sound-absorbing ceiling or covering vertical
paneling with cork, and this has improved greatly the sound quality in the room.

e  (Classroom doors should not face each other [25].

e [tis strongly recommended that a guide be written specifically for high schools, with instructions
on where to position the noisiest spaces, bearing in mind that in IES in Spain, adult education and
young students share the same premises and once the building is occupied structural changes are
difficult and expensive.

4.1.2. Category II. Medium Cost

These measures do not require major structural changes, they are cost effective solutions, advisable
even in buildings already in use.

e Insulate rooms with double glazed windows.

e Lightsources and air conditioning units for libraries, reading and study rooms should be especially
silent [20].

e  Music rooms should keep windows closed at all times when playing instruments. In the SE
of Spain air conditioning would be required in such cases. This choice does not contradict the
previous point, as activities conducted in these premises are usually louder than the level of noise
produced by air conditioning units.

e Anidea noticed at IES Tirant lo Blanc, Elche, was to equip certain instruments in the music room
with headsets for individual rehearsals.

e Impact-absorbing materials should be used in interior decoration on walls, ceilings, floors and
windows in order to avoid reverberation [20,25,37]. Adding internal curtains or blinds to the
windows helps both for solar protection and acoustic comfort.

e Inhigh schools, designing at least one Foreign Language lab would be sensible, properly insulated
and equipped with quality loudspeakers for reproducing listenings, video conferences and videos
of native speakers. This solution is just a matter of interior design of a standard classroom.

e  For the purpose of avoiding the noise that is generated from moving desks and chairs every 55
minutes, it is advisable to install felt or rubber studs under chair and desk legs [7,26] or arrange
timetables of certain classrooms for longer periods of active methodologies. This is the measure
that has been adopted at IES Cayetano Sempere in Elche, where teachers that more often use
project work are assigned to certain rooms.

e In the same line as mentioned above, a specific area for project work, co-working, thinking-lab, as
seen in Figure 8, could be adapted for the use of general academic subjects, which are usually
taught in standard classrooms. Again, this is a matter of interior design not structural changes.

Figure 8. Example of a Thinking Lab, consequence of a participatory appraisal at University Miguel
Hernandez, 2019.



Sustainability 2019, 11, 3573 14 of 18

4.1.3. Category III. Low Cost

This third category includes recommendations that not always need a significant financial
investment. They are solutions backed up by neuroscientists. Studies in neuroscience have confirmed
that our brain reacts to certain stimuli [52,53]. These studies suggest the need to generate friendly,
comfortable spaces and pleasant sounds, areas with views, close to or in contact with natural or
artificial nature.

e It is recommended to replace the siren or bell indicating the end of the lesson by music [26].
In 12 of the 30 schools evaluated this measure has been implemented, in some cases involving
students and making them responsible for the type of music chosen for the occasion. Loudspeaker
systems should be tested and function correctly for a better operation of this solution.

e  Studies verify that working in offices with tables in “open-planning” increase distraction. In these
areas they suggest the use of plants as barriers, soft music or nature sounds in order to improve
concentration [17]. Very few of the schools evaluated have silent rooms for teachers to correct
papers, prepare lessons or do research. Most teachers express that they work at home or in the
main teachers’ room under conditions that are not favorable for concentration.

e  Open spaces also have advantages but it is necessary to create privacy for certain activities, such
as personalized tutoring or private parent meetings. One hundred percent of the principals
interviewed claimed lack of space, and therefore declare to optimize corners in corridors or other
areas and make them suitable. Some companies design special furniture for these purposes, as
the example in Figure 9.

Figure 9. Sofa and table designed by the company ACTIU to insulate from noisy surroundings in open
spaces [54].

Finally, in an education for sustainable development it is important to raise awareness about the
negative effects of the noisy and loud society in which we live [26] and the benefits of tranquility and
balance. In this sense, some schools request permission for holding activities that help relieve stress,
encourage serenity and concentration. All members of the school community are invited to attend
these sessions. They are extracurricular and take place during break-time or after school. Examples of
these activities were found in IES La Torreta in Elche or IES Mediterrania in Benidorm.

4.2. Conclusions

Based on the results of this study, the following conclusions can be put forward:

e In the past, building design in learning spaces was not as influential as it is nowadays, at
least concerning acoustic needs, since the classes were more teacher-centered and consequently
more silent.
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e Nowadays, findings prove that classrooms do not meet the appropriate noise requirements to
be able to complete cognitive assignments, which require concentration [55]. With regard to the
question concerning physical space, are the classrooms acoustically conditioned (even for traditional
methodologies)? Results of the surveys and interviews show that the conditions need to be
improved. We suggest that planners, architects and engineers participate more closely with the
school community in order to empathize and understand more about methodologies that are
being implemented. Specific mention is the case of the planning of the music rooms or sport fields
seen in Figures 6 and 7.

e  About the questions regarding methodologies, can acoustic discomfort limit or slow down teachers’
urge to implement innovative strategies? Are classrooms acoustically conditioned for implementing new
methodologies? Findings from the interviews state that if, for example, moving furniture causes
a noise that may bother colleagues or if there is reverberation, echo or disruption from outside,
the teacher tends to implement activities that are more silent and easier to control. This case was
mentioned specially by foreign language teachers.

e Concerning the question about health issues, does the need to battle background noise cause throat
problems, temporary voice loss, and other physical, emotional or mental problems? There is no doubt
to this question, whose response can be found in numerous articles worldwide, many of which
have been cited in this paper. The investigation reveals that noise pollution and reverberation
is a major discomfort for teachers and students. It produces irritability, lack of concentration,
weariness, depression, headaches and so on. In students it may cause a drop in academic results,
especially in mathematics or languages. In teachers, it can mean taking sick leave due to voice
ailments. Therefore, findings of the research should have practical consequences for the design
and/or refurbishment of schools [7,22,24].

e In the following explanation we find the response to the key question can acoustic comfort facilitate
innovation and consequently help in the progress towards SDG? During our observation we have seen
that progress towards an education for sustainable development is being achieved by implementing
more participatory, active and student-based pedagogies. Many of these pedagogies tend to
raise the noise level of classrooms. If we improve acoustic conditions, activities taking place
in one room will not interfere or be a bother for users of adjacent rooms that may be writing
exams or implementing tasks that require less noise tolerance. Teachers will feel free to choose
their activities and teaching method as needed and not limited by the acoustic conditions of
space. We believe this will help progress towards SDG and allow students to thrive in different
learning environments.

e  We are aware that improving the academic results and motivation of students and teachers and
implementing new methodologies is a complex and challenging task that should not be simplified
to an issue of space design. However, structural features of the classroom in particular and the
school building in general are undoubtedly decisive.

e  The most successful way to reach creative solutions is through a participatory approach that involves
the whole school community as well as designers and planners. Viable solutions are possible for all
different types of budgets, as has been indicated in point 4.1.

e Finally, we consider it is essential to prepare a White Paper for the design of public high schools in
Spain for the sake of moving towards sustainable development goals.
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