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Foreword

In response to recent research identifying that deep learning and student fulfilment is most

likely to occur in innovative open and semi -open learning spaces, many schools are now
increasingly likely to be designed to reflect this ongoing app roach. The success of this modern
approach to learning spaces is dependent on several factors, but two most commonly affected

are the teachers and the acoustic environment.

This report by Workplace Unlimited is an important addition to existing literature exploring the
need for optimal acoustic design and teacher change. This includes an investigation into the

research undertaken so far regarding: traditional classrooms , open lea rning spaces , noise and
the potential implications of different teacher person alities.

The importance of good acoustics in learning spaces has long been recognised. Studies have

shown t hat t e deirgandstiddenhbeHaviour, and resultant attainme nt, can be
correlated to the quality of the acoustic environment. Ecophon have commissioned this report in
the belief that good acoustics, and therefore excellent speech intelligibility, is essential to the

success of these large volume learning spaces. We also believe that we need to develop a

deeper understanding of the broader hu man centric design aspects, to ensure these learning
environments are sustainable long -term. This is especially true from the teacher perspective, in

what can be an exciting, but challenging ongoing pedagogic change.

As classrooms adapt to the ongoing ped agogic evolution worldwide, traditional teacher lead
instruction moves, instead, to student centred learning activities. The result is usually greater

teacher student collaboration and engagement. This change, whilst p ositive, can, if not planned
for, lead to higher noise levels, which has been proven to increase stress and reduce

concentration.

Based on previous evidence in the workplace, around different personality profiles in offices, we

would now like to understa  nd more about the potential influence of teacher personality profiles.
We are particularly interested in the context of increased requirements for collaborative

teaching and learning activities in open learning spaces.

As an important resource, teaching has some clear challenges and needs t 0 address issues
around workload and teacher well -being. Focusing on this personality aspect and how the
operating effectiveness of teaching can be better understood, may be a missing but, important

part of creatinga  teaching harmony.

We believe this rep ort can help to give a broader understanding of the potential impact of

teacher personalities, which can provide future school leadership and management with

insightful knowledge when the time comes to organi se and des ign future learning environments.
We b elieve this, combined with an activity based acoustic design approach, will support future

learning environments which can deliver sustainable learning outcomes, health and wellbeing of

all occupants not only the teach ers.

Colin Campbell
Ecophon
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Exec utive s ummary

Introduction

The uptake of the Innovative Learning Environments (ILE), the modern adaptation of open plan

school s, is increasing in parts of Europe (particularly Scandinavia) and the Antipodes (Australia
and New Zealand). The new learning env ironments have resulted in mixed success due to

issues with: acoustics, teaching practices, coordination of activities, and the management of the

space, teachers and students.

Ecophon commissioned Workplace Unlimited to conduct a literature review (of Circa 200 papers
and reports ), to understand the key issues of open plan classrooms and how they may be

resolved, with a focus on acoustic solutions. In our recent study of psychoacoustics, related to

office no ise, it was found that personality affects how we Il office workers can tolerate noise.
Ecophon was therefore interested to know if that is also the case for teachers in classrooms,

both traditional and open plan.

This literature review is aimed at testing several pertinent hypotheses:

1. Anyidentified is sues with noise in open plan classrooms can be partially mitigated through
design improvements and acoustics solutions.

2. A teacherodos personality profile, in par bettercopear extr o
with noise in the (open plan) classroom.

3. Organisational factors such as teacher training, coordination of the space, timetable
administration, changes in pedagogy, and managing student behaviour will help resolve any
identified issues with  open plan classrooms.

Whilst there are studies of the pers onality of teachers and studies on open plan classrooms, we
found no research exploring the overlap between the two subjects. We did however find a few
studies linking personality of teachers to te aching style, and a few exploring the impact of
personality on voice control in the classroom.

Teacher personality profiles

The impact of teacher personality has been discussed for some time . Some believe that  teacher

personality profiles need to be rec ognised to allow educators to be proactive in determining a

better fit for students and teachers. For example, Reid (1948) notes that when he asked

university st udents what they thought were the characteristi
answers often refl ected opinions about the character and personality of the | ecturero rather

the environment per se .

The Big Five Inventory ( BFI) is often referred to as OCEAN because it has five dimensions:
Openness, Conscientiousness, Extroversion, Agreeableness and Neuroticism.  Studies have
shown that, when assessing their teachers, students predominantly favoured

Conscientiousness , followed by Emotional Stability (the anthesis of Neuroticism) and
Agreeableness . In terms of teacher performance there are mixed research results. Teachers
scoring higher on Extroversion and tho se low in Neuroticism are more efficient than their
counterparts. However, Extroversionisnot adefinite requirement forteachersas introverts can
adopt coping strategies and tap into fifree traits 0 i.e. the ability to act out of character for a

limited p eriod of time . Students achieved higher Texas Assessment of Knowledge and Skills

(TAKS) scores when instructed by teachers rating higher in Conscientiousness and/ or
Agreeableness whereas the more Neurotic teachers resulted in lower student TAKS scores. In
lay terms, it appears that teachers who are diligent, more able to deal with stress and more

approachable are more successful.

Open Plan Classrooms, Noise & Teacher Personality 5
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Our own research  in offices, building on that of others, revealed that those higher in

Extroversion and Emotionally Stability fa red better in noisy and stimulating environments than

those higher in Introversion and Neuroticism. The current literature search did not reveal any

significant studies explo  ring the impact of teacher personality on dealing with noise in the

classroom. Many studies showed an effect of noise on  teachers, but personality was not

considered as a significant factor. Nevertheless, i n combination with the broader requirements

stated previously, teachers high in Conscientiousness and Emotional Stability traits app ear to be
at an advantage.

The changing nature of pedagogy

Pedagogy, the theory and practice of teaching, has evolved over time. The discipline and

practice of rote learning in Victorian schools has been replaced by alternative teaching styles,

even thoug h &halk and talk &style teaching is still prevalent in many UK classrooms. Scholars
such as Maria Montessori in Italy and John Dewey in the USA supported the notion of child -
centred learning and developed educational theories that form the basis of modern education.

Pedagogical theory can be framed as three key stages: behaviourist, cognitivist and

constructivist  (Dovey & Fisher, 2014) . Behaviour ist approaches are traditional didactic teacher -
centred pedagogy, whereas cognitivist approaches involve moving from lower -order to higher -
order thinking, and constructivism is largely based on the application of knowledge in the

st udent 6s onstact livist.ped&yogies were developed in the 1970s, after the early

adoption of open plan schools failed. The constru ctivist approach, now often referred to as

student -centred learning, is increasingly being adopted by educational institutions, particularly

in p arts of northern Europe and the Antipodes. Furthermore,t he Gradual Release of

Responsibility (GRR) model , deve loped in the 1980s , is a structured method of pedagogy which

gradually shifts learning responsibility from the teacher to the student, creating a utonomy and
independence.
Many educational commentators have categorised the types of activity that take plac e inthe

modem classroom.  For example, Dovey & Fisher (2014) developed a list of six key teaching

practices based on  a constructivist (student  -centred) pedagog Y. Their typology, is a continuum
of group size and activity: p resentation (25-150 students ), | arge interactive (25-75), m edium
interactive (10-25), c reative Interactive  (10-25), s mall interactive (2-5) and reflection (1
student ).

Classroom design progression

Open plan classrooms gained popularity in the 1960s to 1970s following the post -war

educatio n a | reform movements. ABefore this time, pedagogy
teaching, with the teacher speaking in a fixed position at the front of the class and the pupils

listening from formal rows of desks. The years following the second world war w itnessed a

breakdown of this formality, as education began to focus on the individual needs of the pupils

rather than theodcorae @Geidds@Graédland & Dockrell , 2010) .

There were many supporters of the evolving change in pedagogy and by the mid -1970s, 10% of

all primary schools in England and Wales were open plan, whereas in the USA over 50% of new
build schools were either fully or semi  -open plan. The se classrooms were found to be difficult to

teach in, so there was a return to the mo re traditional enclosed classroom and many open plan
schools reverted to conventional classroom s. The reason for failure of the early o pen plan
schools is not just due to a poor or noisy setting for teaching  but also due to : cost and space
constraints , an unwillingness to change the pedagogy, lack of teacher training, poor t imetabling

and s tudent behaviour

Successful open plan design a  nd teaching style are interrelated. A physical change alone will not
instigate a change in pedagogy and the physical chan ge is unlikely to succeed without first

Open Plan Classrooms, Noise & Teacher Personality 6
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changing the teacher sd af#spvellasticelecarded pefalsiof apeniplany .

there are also success stories. Studies show that open plan schools lead to increased interaction

among teachers and increa  ses their autonomy, satisfaction and ambition. Teachers also say

they enjoy teachingi  n open -plan schools and would not return to a conventional building. From

a student perspective , open plan appear s to enhance students' feelings of autonomy,

willingness t o take risks, and persistence at a task pl
ttachers during the day to engage in a greater var
(Weinstein , 1979) .

St

us
iety o

De Werkplaats Kindergemeenschap cdrinueity)Waithoverdiss c eonec hi | dr e
success story. Teachers like that that they can see at a glance what all the children are doing ,

and the pupils in the various classes switch around, which enhances the ir feeling of

togetherness. Open plan schools in Finland have not always proved successful but the countr)
desire for more open plan classroo ms is a direct reflection of its national curriculum, which

rejects traditional academic silos and instead favours more student autonomy and cross -

curricular connections,  whilst eschewing standardised tests.

Some open plan classrooms have higher densities of students, probably for economic reasons ,
and the higher densit ies result in lower student achievement (Glass & Smith , 1979). Barrett &
Zhang (2009) note several key ¢ onsiderations in classroom design: 1. identify the proposed

activities that are likely to take place, 2. size based on determining the average number of

children involved with each activity , and 3. the layout will need to be planned to accommodate

activity modes.

Early open plan schools often confused flexibility with openness and were poo rly matched to
new learning practices. We are now seeing a substantial re  -emergence of student -centred
pedagog y. Instead of simple open there are assemblages of different spaces grouped in clusters
with meeting rooms, learning commons and traditional classrooms in a myriad of new
arrangements  (Dovey & Fisher , 2014) . Such hybrid spaces are termed Innovative Learning
Environments (ILES).

Just like in offices, classrooms an d school layouts can no longer be simply categorised

dichotomously as enclosed or open plan.  The five cluster types of learning spaces, developed by
Imms, Cleveland, & Fisher (2016) , have been adopted in a number of recent research studies

Their framework of five cluster types  are aloose continuum from the traditional to the fully
open plan : A) traditional closed classrooms entered by a corridor , B) t raditional classrooms with
breakout space , C)t raditional classrooms with flexible walls and breakout spac e, D) o pen plan
with the ability for ~ separate classrooms , and E) o pen plan with some adjoining spaces.

Traditional classrooms are Types A and B whereas open plan is Type E and ILEs tend to be

Types C and D. As a school becomes more open (Types C, D and E ) it also becomes more

exposed and possibly noisy, which may const rain the activities it was originally designed for.
Dovey & Fisher (2014) found t hat fit he most open of plans are often
because they constrai n c hyratherahan gedagogidalfreasonspatedngre t a r

likely to be supported . 0 T h e-erxlesed and more flexible cluster types (C and D) appear to

be the optimal solution in terms of construction, cost, use and success.

A study of 12 learning environments with a mixture of the five cluster types found that all  the
learning envi ronments were supportive of a range of teaching practices (Cleveland, Soccio &
Love, 2016). However, s mall group work was challenging in the more traditional classrooms

(Type A and B) andth ey were found to be less supportive of teacher supervision. In con trast,
whole class work was identified as challenging in the more open plan schools (Type E).

A survey was carried outon the mind frames of 6,000 teachers in Australia and New Zealand
(Imm setal,2017) . A teacher 6 s mfleotsd hdwrtheyntlenk and act when engaged in

Open Plan Classrooms, Noise & Teacher Personality 7
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teaching. The study found that teachers in schools with a higher prevalence of traditional
classrooms had a lower mind frame. Furthermore, s tudents in traditional classr ooms also
exhibited less deep learning characte ristics . They also discovered that in traditional schools
where the teacher -centric approach dominates there are  much lower teacher mind frames and
student deep learning. In contrast, in traditional schools wh  ere other teaching approaches
dominate , the teacher mind frames and student deep learning are much higher. So, both the

type of space and the type of activity affect teacher performance and student learning.

Classroom acoustics

Many books were written on the design and construction of schools at the turn of the  20™
century , but a rchitects did not devote time to designing classrooms for acoustic performance

until the late 1940s  (Baker, 2012) . For example, Luce (1949) suggestedf our basic acoustic
condition s are required or schools : 1. sufficiently  low level of background noise, 2. adequate
separation of successive sounds (reverberation control), 3. proper distribution of sound within

the space, 4. sufficient loudness of sounds . Unfortunately, Luce reported that these acoustic
principles were notim  plemented by the designers of schools constructed at thattime. The
acoustic mantle was picked up again when research conducted in the 1980s and 1990s greatly
contributed to industry understanding of the necessity of good acoustical conditions in

classroom s (Baker, 2012). Since then many countries have introduced national standards for
acoustics in schools and more recently more detailed and/or stringent best practice guidance
has been introduced through BREEAM, LEED, WELL and by the IoA and ANC.

National standards use different acoustic criteria , butin general ambient noise levels need to be
maintained at a reasonable level (L aeq 35-40 dBA), reverberation times minimised (RT <0.5 s),
speech intelligibility improv ed in the classroom (STI >0.6), but reduced between classrooms
(<0.2),and speech -to-noise ratio should be increased (SNR +15dB). However, n oise is
commonly defined as  &inwanted sound & So, in the classroom, the sound level is only considered

noise if fou nd distracting by the teacher or students for the task in hand. Similarly, higher
sound levels are likely to be more acceptable for group work or less focussed tasks. It i sa
pedantic point, but nevertheless whilst most standards and research refer to nois e levels they

actually mean sound level (and L Aeq IS defined as a sound level, not noise, measurement).

Despite the introduction of various guidelines over the years , man y schools continue to be built
which are acousti cal l. ¥vealter f thetintrddwction gf u rBpildireg 8dletin 93
Acoustic Design of Schools T A Design Guide (BB93) some new schools are failing to comply

with minimum statutory requirements on acoustics. One study found that ~ the L aeq in 67% of the
surveyed classrooms in 12 UK s chools had noise levels above the BB93 recommendation.

iFrom an acoustic perspective it is quite straightfor w:
environment in  traditional classrooms, depending on the volume, geometry and construction of
t he mat er iweves ma¥ingHrom traditional cellular classroom creates more challenges
around the sound environment when d®Gampbell 201da)wihe | s ar e 1|

USA standard on classroom acoustics, ANSI 12.60 , actively discourages the use of open plan
classrooms . In contrast,t he New Zealand MoE (2016) offers four key acoustic parameters for
open plan schools : 1) RT of 0.5-0.8 seconds for flexible learning spaces and 0.4 -0.5 for
breakout and meeting spaces , 2) a Sound Transmission Class (STC) value of 50 bet ween walls
of separate flexible learning spaces and breakout spaces. 3 ) a minimum Impact Insulation Class
(I1IC) performance of 55 between floors and 4) 35-45 dB A Laeq for flexible learning, breakout

and meeting spaces.

Impact of noise in classrooms

The e ffect of noise on student behaviour and attainment is complex, depending not only on
classroom conditions and individual factors concerning the child but also on the task being
undertaken and the corresponding cognitive demands (Shield etal, 2015) . Whilst one study

Open Plan Classrooms, Noise & Teacher Personality 8
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found no differences in reading performance under quiet and normal background noise levels ,
other researchers have found classroom noise to neg atively affect studentso6 mer
memory and recall time, and exam performance.

The majority of  studies which have examined the impact of noise on teachers, mostly find a n
effect on teacher voice disorders, or dysphoni a, with some teachers  experienc ing problems so
severe that their working ability is questionable. Very few studies of noise in classr ooms refer to
personality, one study found that the majority of those with functional dysphonia are introverts.
However , an earlier study did  not find any significant correlation between the Extroversion and

voice problems.

Impact of open plan classrooms

In a detailed review of historic studies carried out over 40 years , f our studies made a direct
comparison between noise levels in open plan and enclosed classrooms  (Shield, Greenland &
Dockrell , 2010) . Only one found significantly higher average noise leve Is in open plan
classrooms and that was in a fully open plan area with 100 students , Which is not typical of
today's open plan designs

Ina study of 12 UK primary schools including 42 open plan classbases (classes taking place
within open plan) , the mea n intrusive noise level increase d with increasing activity in the
adjacent classhases. There was a significant  increase in noise level when the number of
classbases increased above three, whereas the STI was significantly better , SO limit the number
of cla ssbases to three in one open plan area (Greenland & Shield , 2011) . Research has shown
that the number of students, volume of space and occupatio nal density of the open plan
classroom all affect noise distraction. Densely populated classrooms do not allow f  or sound
sources to be placed far enough apart, hence provide atleast6 -7 m between working groups in
thesamespace (Pav| ek ®y 8ht &8ri kov§ & 2009.mang study fbundthe ambient
noise level in classroomsto be  significantly correlated with student numbers, with an increase

of 0.33 dB (LAeq) per student (Mydlarz etal, 2013).

There are a number of case studies highlighti ng the success of modern Innovative Learning
Environments (ILEs).  Two Danish semi -open plan schools , Hellerup School and Absalon School
(Holbaek ), underwent acoustic improvements including more absorption on surfaces and

through free -moving panel s. As a consequence, the RT and sound level was reduced in the
teaching areas, and also the staff perceived less noise  (Mgller Petersen & Rasmussen , 2012) .
Glass screening, storage walls, plasterboard barriers in the ceiling void, and side -on and
staggered entriestothe classhases was introducedinto  the Berufliche Schulen Witzenhausen,
which has a large plenary area with smaller rooms coming off it. The school design resulted in
an RT of 0.48 s and STI >0.7, both good results , and the design inhibited so  und transmission
across the space despite the open plan layout (Mahat & Campbell , 2017) .

Studies of how open plan schools affect teacher performance, indicate that their success is

mostly dependen t upon achangein t e a c h attitudles teaching style and t raining, along with
better timetabling. The impact of open plan classrooms on student performance have shown

mixed results, with coordination of quiet versus noisy activities being a key factor.

Open p lan classroom solutions

ILEs, the modern adaptation of open plan classrooms, are gaining popularity on some countries
as they facilitate a change in pedagogy. However, some of these new spaces are less

successful, and can result in noise and distraction, due to their design and use. Several authors
have there fore offered practical solutions which we have broadly categorised as: 1.

management, 2. layout, 3. furniture and 4. absorption  solutions.

Open Plan Classrooms, Noise & Teacher Personality 9
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1. Management & behaviour solutions 1 Teachers need to coordinate and plan activities
between classbases, so that work involving movement and interactions does not conflict
with those involved in critical listening activities. Success requires a strong commitment
form the end -users and decision s around curriculum delivery and timetabling. This requires
an investment in tim e and planning in advance. Success is not due to optimised acoustics
alone, but the combination of pedagogy, architecture and acoustics with good will from
sponsors, teachers, students and parents.

2. Layout Solutions T Sound transmission can be reduced bet ween classbases by staggering/
overlapping entrances to semi -open plan areas, and introducing cupboards and wall
absorption, without the need f olayoumavides thraendibtinatal | s. The
zones facilitating large group seated teaching, pr oject activities and quiet group working.
The modern classroom has to be flexible enough to allow the continual reorganisation of the
whole class into various sizes and number of small learning groups.

The New Zealand MoE (2016) recommends providing 3-4 m? floor area per learner to allow
better acoustic separation, and provide a range of adaptable learning spaces, including

spaces that can be acoustically separated. Also provi de arange of spaces to allow teachers
and students to choose where they learn which will help to reduce distraction from other
activities. Movable screens, sliding doors and hinged partitions can divide larger spaces into
smaller separate zones.  Flexible partitions create nooks and alcoves for small group and
individual work , and t hey also provide acoustic zoning in the space

Nunes (2009) offers a number of specific solutions . The layout of the furniture in the space
will affect the distance between student groups and help reduce the negative effect of large

groups contained withi nasmall area. As sound is reduced over distance , p lace teaching
spaces further apart to increase sepa ration and reduce speech interference. Breaking the
line of sight between two points using screens can be an effective way of providing a small
but effec tive acoustic break between two spaces. When high levels of separation are
required, moveable and flexi ble partitions are seen to be the only solution

Furthermore, a distance of at least 6.5 m between classbase openings will minimi se noise
transmission . Significantly more floor area is required for open plan classrooms than for

enclosed classrooms, with 4-5 m 2 per child recommended in the literature. However, current
UK guidance recommends 2.1 m 2 teaching area per primary school child , Whereas 9 m ? floor

area per child is provided in the Hellerup School (Shield, Greenland & Dockrell ,2010) .

3. Furniture sol utions T Movable screens and furniture can be used to define zones, provide
nooks and quiet corners, and provide acoustic separation if the screens are a bsorbent (a
mass of at least 10 kg/m 2) and a heightof 1. 7 to2.0m

Nunes illustrates how it is possible to reduce the distance between the teacher and pupils by
1.25 mif a horseshoe seating (amphitheatre) arrangementis used . His freestanding
Obanaeat & r etlkuistance between the teacher and students to less than 2.6 m ,
and d ue to the size and absorbent materials used it can also be used to break up the open

plan into smaller zones

As well as tiered seating, Heppell, Heppell & Heppell (2015) propose several other furniture

solutions for open plan schools . They propose f amily learning tables  offer ing circa 12 seats

for parallel quiet work . The a ttention square is an area marked out on the floor, usually with

good line of sight to all the nooks and alcoves. Areading zone is a quiet, comfortable,

reading corner where children can read whilst comfortably seated . Collaboration/

conversationtables are 6cof fee tabl ed wi t hfortmalbgroapfactivith ryeFimallys eat s
three -sided spaces , ether constructed into the wall s supgprtonooksd
quiet collaboration in small numb ers.

Open Plan Classrooms, Noise & Teacher Personality 10
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4. Absorption solutions T The New Zealand MoE (2016) recommend that h ighly absorbent
materials are added to floors, ceilings, and walls . Furthermore, the ce iling treatment  should
be as thick as practicable, ideally 50 mm or more with a noise reduction coe fficient of 0.85.
Others suggest a ceiling absorption of at least 90%, with a maximum ceiling height of 3.5
m, and the amount of glazing (reflective surfaces ) should be below 16%. An absorbent
ceiling has more of an impact on RT than carpet, reducing the RT by 0.3 -0.4s, but acarpet ,
absorbent ceiling and absorbent acoustic wall treatment (such as pin -boards or panels on all
available wall surfaces  equivalent to at least 20% of the ceiling area) should be incorporated

into the open plan class room design. Ceiling absorption can be in the form of rafts if a full
ceiling of absorbent tiles is not provided.

Conclusion and next steps

Despite the introduction of s tandards, noise distraction in all classrooms appears to be an issue
i affecting teacher and student performance. There are mixed results on whether noise is any
worse in modern ILEs compared to traditional enclosed classrooms, or the large open plan
classrooms of the 1970s. T  he impact of noise can be exacerbated in ILEs if the teachers do not
embrace, or are not trained in, new constructivist pedagogy and if the classbase activities are

not coordinated. However, adding absorpti on, using furniture (such as tiered seating) and
considering the layout of the space (such as staggered opening to zones) can all help reduce

noise distraction.

This literature review  setoutto test whether :
1. Any identified issues with noise in open plan classrooms can be partially mitigated through

design improvements and acoustics solutions

There certainly appears to evidence to support this hypothesis, especially in modern
Innovative Learning Environments.

2.A teacher 6s per son a lculargxtropersior, will eaaple i n hemeto bietter cope with
noise in the (open plan) classroom

Currently there is very little evidence  to support this hypothesis and more research is
required.

3. Organisational factors such as teacher training, coordination of the space, timetable
administrati on, changes in pedagogy, and managing student behaviour will help resolve any
identified issues with open plan classrooms

This also appear s to be the case for all learning environments including ILEs.
Our next stepisto  further test hypothesis 2 initia lly through on -line surveys and field

measurements, and later using intervention studies . Hypothesis 3 will be tested through more
qualitative research including ethnographic observation, interviews and workshops.

Open Plan Classrooms, Noise & Teacher Personality 11
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Glossary

ANC The Association of Noise ~ Consultants

ANL Ambient noise level (dBA)

ANSI American National Standards Institute

ASA Acoustical Society of America

BB93 Building Bulletin 93

BFI Big Five Inventory

dBA A-weighted decibels

Dntw Airborne sound insulation

HR Heart Rate (bpm)

lc Impac t Insulation Class

ILE Innovative Learning Environment

I0A Institute of Acoustics

Laeq Equivalent continuous A -weighted sound level (dBA)

LAeq, Nmin Equivalent A -weighted sound level  over N minutes

LbBw Impact sound pressure level

MoE Ministry of Educ ation

NUT National Union of Teachers

RT Reverberation Time in seconds (s)

RTmt Reverberation Time mid  -frequency range (s)

SNR Speech (or Signal) to Noise Ratio

SPL Sound Pressure Level (dBA)

STC Sound Transmission Class

STI Speech Transmission Index
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1.0 Introduction to report

1.1 Objective s

The uptake of the | nnovative Learning Environments (ILE) , the modern adaptation of o pen plan

school s, isincreasing in  parts of Europe (particularly Scandinavia ) and the Antipodes (  Australia
and New Zealand ). T he new learning environments have resulted in mixed success due to
issues with : acoustics, teaching practices , coordination of activities, and the management of the

space, teachers and students .

Ecophon commissioned Workplace Unlimited to conduct a liter ature review to understand the
key issues of open plan classrooms and how they may be resolved, with a focus on acoustic

solutions. In our recent study of psychoacoustics , related to office noise (Oseland & Hodsman,
2017, 2018 ), it was found that personali ty affects how well office workers can tolerate noise.
Ecophon was therefore interested to know if that is also the case for teachers in classrooms,

both traditiona | and open plan.

This literatur e review is aimed at  testing several pertinent hypotheses:

1. Any identified issues with noise in open plan classrooms can be partially mitigated through
design improvements and acoustics solutions.

2. A teacherés personality prof i,Wwikenablethempabetteicepal ar extr ov
with noise in the (open p lan) classroom.

3. Organisational factors such as teacher training, coordination of the space , timetable
administration , changes in pedagogy, and managing student  behaviour will help resolve any
ident ified issues with open plan classrooms.

Whilst the focus 0  f the review is on teachers and classrooms, related articles on other learning
environments, e.g. lecture theatres and lecturers, are also reported .

1.2 Approach

An on -line literature search was carried out using Google Scholar and the search engines made
available to UCL academics. The initial key words searched on included: personality, teacher,
noise, acoustics, open plan and classrooms. Th e key wor ds were extended as the search

prog ressed including voice, activity -based learning and student performance . In addition, any
influential papers mentioned in the reviewed papers were then followed -up.

Circa 200 papers and reports were reviewed , but only the most relevant ones are reported
here. The papers were  categorised according to the following recurring topics:

1. Acoustics (A) 1 standards, controlling noise, design recommendations, impact of noise on
student performance, meaeéeéur ement of fAnoi se

2. Open-plan (O) 1 history of school design, pros and cons of open plan classrooms, impact on
student and teachers

3. Personality (P) 1 person ality profiles, teacher performance, student performance
4. Voice(V) iTstress on teacherdés voice, coping mechani sms, t
sound field systems, voice and personality, teacher v oice and performance

5. Teaching (T) T changes in pedagogy, ed ucational reform, managing student behaviour,
teacher -student interactions, activity -based learning, student -centred learning, health and
wellbeing .
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Figure 1 illustrates the approximate
proportion of papers reviewed according to
th e five identified topics . Note that whilst
there are studies of the personality of
teachers and studies on open plan Acoustics Open-plan
classrooms , we found no research exploring 27% 29%

the overlap between the two subjects. This
raises t he question of whether the impact of
personal ity on noise in the open plan
classrooms is of no interest (unlike research

on psycho acoustics in office environment) or
simply that is has not been considered.

We did however find a few studies linking
persona lity of teachers to teaching style,

and a few exploring the impact of

personality on voice  control in the
classroom. Unsurprisingly, the main area of
overlap was between classroom acoustics

and open plan classrooms , including reviews
of standards as well a s, successful and less
successful, case studi es.

Figure 1.  Papers reviewed by topic
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2.0 Teacher personality profiles
2.1 Early studies

One of the most comprehensive reviews exploring the effect of personality on teaching is that of

Goncz (2017). He believest hereisalong -running consensusthat t eacher d8s personality
most important and complex variable in the educational process . The impact of teacher

personality has been discussed for some time, for example Cooper and Be mis (1967) remarked

fi 1 certain patterns of teacher classroom behaviou r could be demonstrated to relate to pupil

achievement (or the reverse) then we woul d be in a position to guide the development of that

t e a ¢ h lkeeha¥isur which leads to pupil learning. 0 A more recent study by Richardson and

Arker (2010) suggested that teacher personality profiles need to be recogni sed to allow

educators to be proactive in determining a better fit for student s and teachers .

Goncz commences his review by identifying a number of legacy typologies of teacher traits,

starting with Caselmann (1949) who di f ferenti ates between Opaish@t ropo t
upbringing and interest in individuals or groups ,and 61 ogot r o ppdphasisirgc bdecatmon

and teaching. He continues witht he typology described by Adelson (1961) which differentiat es

between teachers that place more importance on their profession, their students or their

institution.

Goncz also reports on early  research (Jersild, 1940 ; Witty , 1 947) which ask ed students to note
the preferred characteristics of their teachers and found they fireferred to the following:
personality traits, = temperament characteristic s, the physical features of teachers and their
management style  (students have a preference for kindness, readiness to help, sense of

humour, natural  behaviour, good mood, k  ind - heartedness, young looks and good health) and
teaching (didactic) qualities. 0 In his personal account , Reid (1948) notes that when he  asked
students what they thought were the  characteristics of the best lectures , thé answers often

reflected opinions  about the character and personality of the lecturer 0 rather than
environmen t. &urthermore,a g o od | e chasutheanterest of his listeners at heart é good

teachers use various methods of arousing the interest of their students. 0 These three examples
mayy reflect the Agreeableness (empathy) trait of the Big Five Inven tory (BFI).

The BFI, developed by Berkeley University ( John, Naumann & Soto, 2008) ,is often referred to
as OCEAN because it has five dimensions: Openness, Conscientiousness, Extroversion,
Agreeableness and Neuroticism . The BFl is the personality profilin g method that was adopted by
Ecophon in previous research (Oseland & Hodsman, 2018).

Gorgonia (1971) compared student comments on efficient and inefficient teachers. He found

that students  predominantly favour ed Emotional Stability ( the anthesis of Neuroticism) in an
efficient teacher , followed by characteristics that might be associated with Conscientiousness.
Furthermore, Suplicz (2009) found that students attributed emotional coldness and a lack of
humour to the secondary school teachers they consi  dered inadequate.  Such comments may be
related to the Agreeableness and Conscientiousness dimensions. Sanchez etal (2011)
investigated the expectations of social sciences students at Andalusia universities. They found
the students expected their lecturers to treat them with respect and understanding , which
might be linked to  Agreeableness.

2.2 Personality traits studies

Accordingto Goncz, the first researcher to assessteacher s using personali ty theory was Lamke
(1951) .Using Cat t g19165) 46 Personality Factors (16PF), Lamke provided a description of

the traits and behaviours of successful teachers . He found th at teachers achieved above -
average resultsfor Cat t e.livdliniess ( F) and Social Boldness ( H) factors . These two factors
overlap with the  Introversion/ Extroversion dimension of other personality tests, such as the BFI
and Eysenck Personality Inventory , or EPl (Eysenck & Eysenck, 1964).
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Goncz also cites Pet r eBjjielk i |  (wHo9derd Onstrate d that teachers scoring higher on
Extroversion and those more Emotionally Stable (the opposite end of the Neuroticism) are more

efficient than their counterparts . Houlihan etal (2009 ) also report that university professors

who suffer pronounced an  xiety associated with teaching (so possibly high  Neuroticism) prefer
minimal interactions with  their students, in both one -to-one sessions and lectures . So, it seems
that Extroversion and low Neuroticism are key personality traits for teachers.

In contras t, Liand Wu (2011) found no differences on any dimensions of the EPI between d@ood
and poor 6teachers . Furthermore, Bloom (2016 ) proposes that Extroversion is not a requirement
and introverts al so méa&ktrevertstenddo gtadtat c hetowsards Ffarge groups and
free -flowing banter. Introverts, meanwhile, shun small talk, preferring the intimacy of one -to-
one conversations. It is the introverted teacher, therefore, who will be more likely to stop an

individual student and ask her pertine nt questio ns about her life: how she is getting on with her

new pet, for example, or whether she is still struggling with long division. 0 Bl @aoints out

that i ntroverts find group situations overstimulating and are quickly exhausted by a busy, noise
filled environ ment and require restorative alone -time afterwardstore  -energise . T eaching is
therefore an eccentric career choice for an introvert , but it may be possible fori  ntroverted
teachers to tapinto dree traits 6i.e. the ability to act out of character fora |l imited period of

time. Introverted teachers can develop other coping strategies, such as introduc ing one-to-one
and small -group work inst ead of standing at the front of the class , thus reducing their  level of
stimulation. Other introverted teachers h ave al lowed their students to listen to music through
headphones t misegaadichaose 6 6

Several studies have profiled teacher personality using the BFI. For example, Aidla and Vadi
(2010) established that teachers from Estonia scored higher onthe  Agreeab leness and

Conscientious ness scales and also had lower scores on the  Neuroticism scale than the general
population . The results were  consistent with the features attri buted to them by both the public

and graduates . Genc etal (2014) found that students exp ected good teachers to have less
Neurotic ism and show more Extraversion, Openness, Agreeableness and Conscientiousness than
the general population.  In their own study, Goncz etal (2014 ) revealed that students of the

social and humanistic sciences preferre d lecturers that rated higher on Extroversion , Openness,
Agreeable ness and Conscientious ness. Three decades ago, Rushton et al (1983) investigated

uni versity professors  who had opposing professional  roles: lecturer versus researcher. They
found that the teaching -orientated professors rated higher in Openness, whereas the research -
orientated ones were higherin C  onscientiousness.

Some studies then go on to determine if the BFI affects student performance. Garcia,
Kupczynski & Holland (2011) studied whether there was a significant relationship between
teacher soé BF lenth /felavieriths-g a a d eper®rinance, measured using the Texas
Assessment of Knowledge and Skills (TAKS). Their a nalysis is alittle confusing, butthe ir study

indicates that students ach ieved h igher TAK S scores when instructed by  teachers rating higher
in Conscientiousness and/or Agreeableness compared to teachers  high er on Openness or
Extroversion. The more Neurotic teachers also resulted inlower student TAKS scores.
Conscientiousness has been found to be  a good general predictor of job performance across a

varied range of jobs, = whereas more Neurotic individuals have a higher rate of burnout and job
dissatisfaction.

Jiang (2012) compared 865 college teachers across 13 Chinese universit ies. They found that
Extroversion, Emotional Stability ( Neuraticism ) and Conscientiousness positively correlated with
research performance but there was no relation with teaching performance. However, they did
repor t that the interaction of Agreeableness a nd Conscientiousness relate d to teaching
performance.

Buttner & Pijl (2014 ) studied a cohort of 147 trainee teacher s att he Hanze University of Applied
Sciences in the Netherlands. They found that Conscientiousness and  Emotional Stability
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(Neuroticism ) distinguished expert teachers fromnon  -expert teachers . Furthermore, they
discovered significant correlations between how well they taught  students with behavioural
difficulties and Conscientiousness, Neuroticism and Extraversion

The impact of the studen  t SBFI traits on their academic performance as also been investigated.

For example, Geramian etal (2012) studied the relationship between the BFI and cumulative
grade point average = (CGPA) of 146 international postgraduate students at Universiti Teknologi
Malaysia . They found that the CGPA was significant ly correlated with  Conscientiousness and
Openness traits. Conscientiousness relates to diligence and planning whereas Openness relates

to creativity 1 both useful traits from an academic perspective.

Rather than the BFI, s everal researchers have used the Myers i Briggs Type Indicator (  MBTI,
developed by Myers Briggs & Myers (1995 ). The MBTI rates people on four dichotomous

dimensions: Extraversion (E) or Introversion (1) , Sensing (S) or Intuition (N) , Thinkin g (T) or
Feeling (F) and Judging (J) or Perceiving (P). For example, Lawrence (1979) studied teachers at
all education levels  and found that 63% of them had Feeling (F) and Judging (J) traits . Likewise,
Macdaid et al (1986) examined a national sampl e of 804 teachers and found that nearly 50%

were S and J types . Reid (1999) sampled 189 Florida elementary teachers and concluded that
57.7% favoured had S andJ traits .

Rushton, Morgan & Richard (2007) administered the  MBTI to 58 teachers  who were members of
the Florida League of Teachers (FLoT) , deemed to be outstanding educators. They found that
their sample of outstanding teachers were predominantly ENFP (32%) and ENFJ (12%) types,
compared to the typical SFJ type s reported in broader samples of teachers . They conclude that
the personality traits of high performing  teachers do not represent, nor share similar traits , with
the majority of typical school teachers in the USA.

2.3 Teacher personality and noise

In our previous research (Oseland and Hodsman, 2017 , 2018) both  a literature review and our
own survey research revealed that personality profiles affect the perception and tolerance of

noise in the office.  Our research , and that highlighted in the literature rev iew, revealed that
those higher in Extrovers  ion and Emotionally Stability fared better in noisy and stimulating

environments than those higher in Introversion and Neuroticism. Our study also showed

positive results for the more Conscientious.

The current literature search did not reveal any signif icant studies exploring the impact of
teacher personality on dealing with noise in the classroom. To be clear they are many studies
showing the effect of noise on teachers (see Section 6. 2) but personality was no  t considered as

a significant factor.

2.4 Conclusions of teacher personality

Rushton, Morgan & Richard (2007) cite Getzels & Jackson (1963) who surveyed over 800

studies of teacher personality  and concluded itwas  @nproductive and chaotic 6 Their conclusion
was partly dueto thelack of standard psychological tests applied during thattime.  Since then
several standard personality inventories have been created, notably the EPI, BFl and MBTI.

Hurtz & Donovan (2000) note that in office research, v irtu ally all studies report strong

correlations betwe en the BFI and job performance.

So, it follows that teacher personality would affect their performance and corresponding student

performance. In his extensive review, Goncz (2017) concludes thatt eacher sé personaliti
profiled using tried and tested  per sonality inventories, particularly the BFI, serve as the best

starting point  for exploring the impact of teacher personality on performance
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Never thel ess, to date the research on teacher personali ty have been mixed. Interms of studies
using the BFI, this literature review indicates that teachers with higher ratings on the
Conscientiousness, Emotional Stability (opposite to Neuroticism) and Agreeableness traits fare

better than their counterparts. Surprisingly, studies highlighting the importance of Extro version
and Openness are less prevalent. Inlay terms, i t appears that teacherswho are diligent, more
able to deal with stressand more approachable are more successful.

Interestingly , our literature review did not reveal any research that explor ed if t eacher
personality affects tolerance to noise in either open plan or traditional clas  srooms. Our previous
office -based research reve aled that that those higher in Extroversion, Emotionally Stability, and

to some extend Conscientiousness, coped betterin no isy and stimulating environments than

their counterparts. In combination with the broader requirements stated previously , teachers
high in Conscientiousness and Emotional Stability traits appear to be at an advantage
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3.0 The ¢ hanging nature of pedagog y
3.1 New thinking

Pedagogy, t he theory and practice of teaching , has always evolved over time. The discipline and
practice of rote learning in Victorian schools has been replaced by alternative teaching styles,

even though &halk and talk &style teachin g is still prevalent in many UK classrooms . Baker
(2012) notes tha tin the 1930s fia new generation of school reformers was emerging, through

the leadership of such figures as Maria Montessori in Italy and John Dewey in the US A. These
scholars supported the notion of child -centred learning and developed educational theories that
form the basis for much current educational thought to this day . @Dewey 6 19 16) student -
centred model of learning highlight ed the importance of social context and student interactio n.

According to Dovey & Fisher (2014) , t he evol ution of pedagogical theory can be framed as three

key stages: behaviourist, cognitivist and constructivist. They explain that b ehaviourist

approaches are traditional didactic teacher -centred pedagogy , wherea s cognitivist approaches

involve moving from low er-order to higher -order thinking through a hierarchy of activities , and
constructivism is largely based on the application of knowledge in G he student 6sdiel i ved v
fistudents construct their own mean ings and they do so in a social context. 0 Dovey & Fisher

highlight that  constructivist pedagogies were developed in the 1970s, after much of the early

adoption of open plan schools which later failed. The constructivist approach, now often referred

to as student -centred learning ,is increasingly being adopted by educational institutions ,

particularly in parts of Europe and the Antipodes.

Lewinski (2015) takes an esoteric psychological approach to new pedagogies. He explains telic
and paratelic motivation in the classrooms , where telic motivation is goal orientated , requiring
relaxing (low arousal) environments , and paratelic motivation is focused on the activity itself ,

requiring stimulating ( high arous al) environments. Lewinski assumes that student s acquiring

knowledge require a telic inducing cl assroom as those evoking paratelic states would not

motivate occupants toward stheir learning goals. Heconcl udes that HAstudents i de
experience a telic motivation state é relatively unstimulating and non -arousing environments

must thereforebep r o v i daenddinoiBe creates a distracting environment, which is not

conducive to a telic state in students who wish to focus on a task .0 Ho we kewinski also

notes students prefer sociopetal seat arrangement s that encourage social interaction and are

more in -line with paratelic motivation. He concludes that because humans are such social

animals and f ear isolation, a lack of interaction creates uneasiness which in turn increases

arousal. Lewinski misses the point that the required level of int eraction is dynamic and

dependent upon the sitwuation, activity and personality,

There is much (competing) literature on learning styles i the prominent style of learning

assigned to an in dividual. Coffield etal (2004 ) identified 71 different models of learning style

and categorised 13 of them asmajormodels . They ¢ oWehave thend the field to be

much more extensive,  opaque, contradictory and controversial than we thought at the st art of
theresearchprocess. 0They al so f oun dsatéarthibof rigotoeshy eontrilled

experiments and of longitudinal studies to test the claims of the main advocates. 0 In regard to
practical applicati on fasstudants moveh efrom ditlabtie formsobibseuctii ~ on
to settings with  a mixture of lectures, seminars and problem -based learning, it may become
possible for them to use a range of approaches. This can lead to a plan for teachers to develop
these styles through different teach ing and learning  activities, or it can lead to what might be
seen as a type of 0 p ewhargteaghing stradgiesaim explicifydo,touch upon
all styles at some point in a formal programme. 0 If the predominant learning style can be

identifie d for a group of  students then the appropriate teaching style, teacher and learning

environment could be tailored to suit them. In our literature review we found more focus on
identifying the range of activities that take place in the classroom so that the space can be
designed accordingly.
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The Gradual Release of Responsibility (GRR) model was developed by in the 1980s and built on
earlier developmental psychology theories (Pearson & Gallagher, 1983). The GRR model isa
structured method of pedagogy whic h gradually shift s learning responsibility from the teacher to
the student, creating autonomy and independence . Fisher & Frey (2008 ) built on the GRR model
and proposed four key transition stages:

1. Focus Lessons 1 ateacher -centred lesson based on the expe cted learning outcomes clearly
communicated to students.

2. Guided Instruction T the teacher facilitate s small group working to improve student
understanding and promote autonomy whilst offering support.

3. Productive Group Work T students wor kin collaborativ e groups and provides them  with an
opportunity to consolidate their understanding before they apply it independently.

4. Independent Learning 1 students apply what they have learned in class and outside of class.

Pedagogy is also changing in further and high er education. Some 70 years ago, Reid (1948)

remarked fiThe lecture is not the only way of transmitting information; in many instances it is

not even the best way. 0 Graetz & Goliber (2002) also consider the changing nature of learning

i n uni ver siatch dattg badk a lea @ntury indicat es that traditional lectures do little to

inspire course -related thought or interest and are relatively ineffective for teaching course -

related values, behavioural skills, and procedural  knowledge, and it appears that lectures are

destined for obsolescence . dhey highlight the shift in universities  towards collaborative

learning , d e f i nawlde wadety of educational activities in which human relationships are

the key to welfare, achievement , and amatesachemr yvo Aihel p students | earn |
together on substantive)issuesd (Brufee, 1999

3.2 New classroom activities

Many educational commentators have categorised the types of activity that take place in the

modem classroom.  For example, to help with their research , Shield etal (2015) reduced
classroom activity down tof our key types: 1. plenary , 2. individual work .3. group work and 4.
watching/l istening .

Activity Description

Presentation Students or teachers present to a largely passive group. Groups size may
vary from one class cohort to a full form or year. Such activities facilitate
25-150 students efficient communication or  information.

Activities that move seamlessly from large to small groups and back, often

Large Interactive o L O
organ ised in sub -groups of 4 -6 that can be subdivided again into 2s or 3s.

25-75 students Facilitates peer -to -peer learning and team teaching.
Medium Interactive Activities with a  similar flow of movement to the above, but with a smaller
10-25 students group size and genera  lly one teacher.
Creative Interactive Interactive activities but with an emphasis on hands -on learning in addition
to pens and keyboards, plus access to a range of resources that may
10-25 students include art materials, wet areas, laboratory or outdoors

The O6breakout 6 molasedand peerp-toepedrleaming with
small autonomous groups that can disperse and take responsibility for their

Small Interactive

2-5 students learning.
Refl ection Singular activities that include reading, w riing or hands  -on research to
1 student meet learning objectives.

Table 1. Six teaching practices (Dovey & Fisher, 2014)
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As part of their research, Dovey & Fisher (2014) developed a list of six key teaching practices
based on constructivist  (student -centred) pedagogies. Their typology , summarised in Table 1,is
a continuum of group size from large group presentations to small group interactive activit ies to

single student reflective activities

In an earlier study, Eggenschwiler & Cslovejcsek (2008) not ed t h a Asidéifrom frontal
instruction, dominant in earlier times, a multitude of different teaching and learning forms are
in practicetoday . 0 T Hengf ied five teaching styles requiring different classroom layouts , See
Figure 2 :
Frontal sequences involving|  ectures and class discussion
Circular seating plan for group discussion and play

1.

2.

3. Group work for practicing and producing together

4. Project work including gathering and presenting information
5.

Learning shops for independent learning

Eggenschwiler & Cs lovejcsek also point out that the use of flexible classrooms places additional
demands on the participants (teachers and students), fu rnishings, layout and acoustics . This
requires the acoustics to be considered  , in detail, fromthe very outset of planning anew or

renovated classroom.

Figure 2. Five teaching styles and classroom layouts (E ggenschwiler & Cslovejcsek , 2008)

In their researchon ILEs . Imms etal (2017) asked 6,000 school principalsin  Australia and New
Zealand to choose the types of teachin g approaches occur ring within their schools from an
illustration, see Figure 3. Their six typologies are a hybrid of teaching style and classroom

layout , and similar to those of E ggenschwiler & Cslovejcsek  with the addition of one  -to-one
instruction . These six typologies have been adopted in a number of recent research studies.
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1: Teacher facilitated 2: Teacher facilitated small 3: Team teacher facilitated
presentation, direct instruction group discussion presentation, direct instruction
or large group discussion. or instruction. or large group discussion.
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4: Collaborative/shared learning, 5: One-on-one instruction. 6: Individual learning.
supported by teachers @
as needed. @
o
@
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Figure 3. Six typologies of teaching practices (Imms etal, 2017)

The next section focuses on the rise of open plan classrooms and ILE s, and how they have  been
designed to accommo date the range of teaching practices and other factors.
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4.0 Classroom design progression

4.1 Therise andfall of open plan classrooms

4.1.1 The first wave of open plan

Open plan classrooms  gained popularity in the 1960s to 1970s following the  post -war

educational reform  movements. As Shield, Greenland & Dockrell ( 201 0) p o iBefdrethisut A
time, pedagogy largely consisted of didactic teaching, with the teacher speaking in a fixed

position at the front of the class and the pupil s listening from formal r  ows of desks. The years
following the second world war witnessed a breakdown of this formality, as education began to
focus on the individual needs of the pupils rather than the &onvenience Oof teachers. 0 As

explained in Section 3, th is new approach to ed ucation placed more emphasis on group work
than didactic teaching , providing a more student -centred pedagogy.

There are many supporters of the evolving change in pedagogy. Nair (2009) , an architect

comment ed sérivdBlbelieves that locking 25 studen ts in a small room with one adult for

several hours a day is the best way f or-fistbentory,t o be O6ed:!
education is about project  -based learning, connections with peers around the world, s ervice

learning, independent research, de sign and creativity, and, more than anything else, critical

thinking and challenges to old assumptions .0

Greenland & Shield (2011) report ed thatb ythe mid -1970s, 10% of all primary schools in

England and Wales wer e open plan, whereas inthe US A over 50% of new build schools were

either fully or semi  -open plan. They continue that 0  pen plan classroom received criticism fr om
educators and p o lwerefouod t@abe snpracfical larel difficult to teach in, and d uring

the last two decades of the 20 th century, there was a return to the more traditional enclosed

classroom . &urthermore, Shield, Greenland & Dockrell ( 201 0) c | amany ptevicasly A

open plan schools have had remedial work to convert them to conventional enclosed classroom
designs,ortoa &emi-openbplanlayout. 6 They report that the primary rea
plan schools is usually noise and distraction.

Weinstein (1979) recognises the views of the advocates of the new approach to education but
observe sthat A Thei r ar g oweeen donot gohunchallenged. In more than one
community, parental response to the new facilities has been vehemently negative and

antagonistic, and teachers and administrators have demanded that walls be e rected as quickly
as possible. Indeed, many faci l'ities, once completely open, are now O
some are almost indistinguishable from traditional egg -crate schools . @®aker (2012) comments

that A School s are influenced mymants, néwttechnaogiesandd drendsj a | m
the growi ng awareness of what makes us learn better and thus our notions of what makes a

great school are constantly shifting and adapting to new ideas. Yet, we are still surrounded by

the schools that matched the ide ologies of over a century ago, when the world an d our

understanding of education was quite different .0 Itis less clear whether a return to traditional

open plan design also represented a return to traditional teaching methods, or more likely

reflects ala ck of adoption of the new pedagogy in the first place.

The reason for failure of the early open plan schools is not just due to a poor setting for
teaching , particularly traditional didactic teaching. Shield, Greenland & Dockrell (2010) remind
u s t bAa additfonal factor which influenced school desi gn was economic. The emergence of
child -centred teaching methods coincided with the introduction of post war economic restraints

which affected the building of primary schools; designs which reduced the amount of non -

teaching space while protecting the ava ilable teaching space were encouraged. Hence, t he open
plan school emerged as a combined result of responding to the new needs of the @rogressive 6
educationalists, and to the cost and area limits placed on new schools. 0

Weinstein (1979) pointsoutthat whi st t he t er m 0 o pseallyregfdrsaathesc hool 6
construction, it also goes hand i n hasuhsehodlstarebfiere ed uc a't
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intended to permit flexibility in scheduling and spatial arrangements, encourage interaction

among stud ents and teachers, facilitate team teaching, and allow for learning options that the
self -contained classroom is unable to support. 0 Likewise, Deed & Lesko (201 5) believe

fi penness is an amalgam of conceptions: physical (un -walling, undoing, breaking); soc ial
(choice, flexibility, autonomy ); and cultural (democracy, freedom, community) .0 Therefore,
openness can be expressed through school architecture or b y anfiapproach combining flexible
space, student choice, rich tasks, curriculum integration and a focus on individual rather than
large -group teaching. 0

If the moveto open plan school design was predominantly driven by cost saving, thenitis likely

that teachers were not trained or motivated in new approaches to education. Weinstein (1979)

notes i F o r tdadher with a relatively traditi onal program in a conventional, four -walled

classroom, arranging the physical environment is usually a simple process: the students' desks

are arranged in rows  é In sharp contrast is the bewildering array of design possibi lities that

confronts the teacher  in an open education classroom. 0 Deed & Lesko (201 5) believe that the

m odern open school architecture abstractly expresses open t e a dthsitheigdividdal

teacher who must break with convention in order to take and ap ply the meaning of  openness é

While teachers might be aware that different teaching practice is afforded by a learning

environment, they might continue to use pedagogical practices appropriate to more

conventional space €é their adalpytimstiutiooan lmemolydandbe constr ai
routine. 0 Weinstein (1979) cites Get zel s (1974) who fAargues convincingl
classroom design are not merely the result of architectural and engineering advances, but

reflect our changing vision of the learner . ®he continues, noti ngthat At hi s vi sion is mos
consonant with the teaching practices theoretically characteristic of open plan designs . ®o,
successful open plan design and teaching style are interrelated. A physical change alone will not

instigate a chan ge in pedagogy and the physical change is unlikely to succeed without first
changing the teachers6 approach to educati on.

When Guldbaek, Vinkel & Broens (2011) work on school developments they take into account

four elements, the: society, child, future a nd school. Society relates tothe  kind of society and

culture that the school will reflect. Regarding children , a set of values need to be established

and adhered to. The future refers to look ing ahead and accept ing that it is going to be different

and inf luenced by what is done today. The school relates to the consequences for the school

system. They s ugge ktraditiohah t sclibols we need to shift the focus by 180 degrees,

from teachers being responsible for teaching and students being responsible fo  rlearning to the

teacher being responsible for under st andi n gindwiluallledrmirg ne@ds and supporting

them.0 They conclude by prosing that we develop school s \
where they can learn and play.

Baker (2012) points outthat open plan schools were not introduced blindly but were

accompanied by some thorough research. For example, Baker reportsthat  modifications , such
has variable -height, sound -absorbent partitions between classrooms , significantly reduced
classroo m interrupt ions. The failure of the early open plan classrooms appears to be due to a

mixture of: poor  leadership & vision , sticking with  traditional teaching , lack of training &
motivation poor timetabling & coordination , driven by economics (reducing cos t), poor

acoustics ,and designed t oo 1 o p e or tpoldensed Wienstein (1979) recogni sed that much

of the research on open  -plan schools was conflicting, and as such, she cautioned her reader s fit
is still necessary to s uspend judgment about the success or failure of the open space school to
enhance the educational experience of children .0

4.1. 2 Recent uptake and success

Vinje , cited by Eriksen (2014) , remarks that open plan schools gained popularity in Norway in

the late 1960s and lasted for around 15 years, but in 2011 some 19 new school buildings in
Oslo were based on open plan design and existing schools we re being converted. He continues
that the new wave  of open -plan schools can be traced back to Norwegian enthusiasm for
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Sweden' s 6Skproeat, vhighD @vés eventually abandoned after negative experiences of
increased noise and disturbance.

Regardless of the former problems with open plan, there is cle arly a move in parts of the world
towards new classroom designs. For example, fiDespite former pr  oblems, current educational
and architectural trends are leading to a resurgence of open plan design with schools being built

to accommodate shared teaching spa ce in clusters of open plan classbhases, large volume atria

or breakout circulation space . d&reen land & Shield (2011) .

Similarly, (Dovey & Fisher , 2014) remark that fiOver the last century we have seen a slow

transformation of the architecture of school cl assrooms in response to changing pedagogical

theory and practice. A shift from teacher -centred t o student -centred learning is accompanied by

the move towards a more O6opend plan with new spatial 1t
adaptati on é rhlktlassrboomasa producoof a teacher -centred pedagogy, framing a

hierarchical relationship be  tween teacher and students whilst closing out other activities and

distractions. 0

As well as the recorded pitfalls of open plan, there are also success stories. Just after the first
wave of open plan schools, Weinstein (1979) cite  d studies showing that open plan schools lead
to increased interaction among teachers and increase their autonomy, satisfaction and

ambi tion. She also reports fithe majority of t eaplahers al
schools and would not return to a conventional buildi ng, despite the fact that they have

compl aints about excessive noised and Hhnhgstyeistmbrer e i s evi
informal, and teachers spend less time conducting routine activities . From a student perspective

iOpen space s choappeartogrhaneerstaderntsyfeelings of autonomy, willingness to
take risks, and per si s Btedentsalsoaend tameetavishknore tedchers A
during the day to engage in a greater variety of activities and to move around more 0 In light ¢
ther e c esitting i$ the new smoking 6warnings, such regular movement may be beneficial

long -term for health.

Campbell (2017 a) present ed a case stud y of a successful early open plan school. De Werkplaats
Kindergemeenschap (The Wor kpltyinBilthovenidoderoetheé s c ommuni

Net herl andsé first primary schimalargeopenardao usfovexrny cl assr o«
1,000 m?2, the 300 children move around to their next learning activities. A few years ago ,

De Werkplaats took the opportunity to rebuild and renovate the school abandoning the

traditional idea of classrooms. So, each corner of the school is designed for a certain activity.

School head teacher Jeroen Goes remarks A OQur view is that the environment
the child rather than the oth er way around. The open space gives children much more freedom

to do their tasks and decide where they do them and who with. This gives the children the

independence they need to make their own choices and reflect on them. Children become more

inspredas t hey move aleashenHhns&loosterman is also afan of the new school

layoutand expl ains AWorking this way is | ess cramped than i
fact that everything is open means that | can see at a glance what all the children are doing.

The pupils in the  various classes sometimes switch around, which enhances the feeling of

togetherness. The children | teach are no |l onger &émine:

therebds a much better sen éltofosbundc eabsorhi mg naterials wene.used
to optimise the acoustics, in the structure itself, but also in the walls and acoustic ceilings such

that teachers report they can speak to the children in a normal tone of voice without disturbing

another teacher working just afew metres away.

O06 Sul 1(20%78 meports that open plan schools in Finland have not always proved successful

due to distractingly high levels of noise. However, Finland has learned from the problems of the

past to create contemporary open  plan school s with softer, calmer space, sothat one rarely has

a block -like rectangular layout. According toReino Tapaninen, chief architect at
Department of Education :fiwWe' ve gi ven up the ol d typeandhhvearedh ool de
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diversity now é there are alot of soft chairs, big cushions, rocking chairs, sofas as well as

moveable walls and partitions behind which you can hide yourself for private discussions € you

will see lots of different kind of furniture, lots of colo urs and, | would say, a lot of happy

p e o p | Gver the past few  decades the country has been moving steadily towards a more

informal culture where sl ightly higher |l evels of noise are tole
itself wasn't ready during the 1950s and 60s for the open classro om experiments that  took

pl acedo Ta poatimien @&mMow, conditions and atti thaideathatar e di ff e

school needs to be entirely quiefintadiddappm@asopanegf bo al
plan classrooms s a direct reflection of its national curriculum, which rejects traditional

academic silos and instead  favours more student autonomy  and cross -curricular connections,
whilst eschewing standardi  sed tests.

Wirtén (2018) reports on the new Hyllievang School in Malmé . The school desi gn combines

classrooms, open  "street" spaces and small activity rooms ; the layout comprises of deam

areas § with six classrooms sharing different sized rooms. Fredrik Andersson , one of the

teachers, explains fiwWe adul t s t y pilanand tegidelini kadvantechowpeach room should

beused. Then the children come along and use the space con

It appears that new ways of learning in education is also being explored in the east. Currie
(2018) shares early results of the new Secondary S chool Information and Media Centre in Ho
Chi Minh City, Vietnam. He state st h a the récently opened space is getting great reviews and
feedback from students, teachers, staff and visitors. 0

4.1. 3 Future classroom design cons iderations

After the first wav e of open plan schools, Glass and Smith (1979) found that, some of the open

plan classrooms have higher densities of students, probably for economic reasons. The ir

research concluded that a higher density results in lower stud ent achievement. They

recommen d, when designing open plan classrooms, a social density of three to five groups of 6

to 12 students each. Furthermore, the s patial density should be such that both students and

instructors have enough room to move easily from groupto  group , specifically, 1.2 to 2.1 m

between groups. Barrett & Zhang (2009) cite Achilles (1992) who f ound t hat #Achil dren
smaller classes were found to outperform children from regular class sizes in all subjects,

especially in reading  and mathematics test scores with average improvements of up to 15% .0

In their review of  future Design Implications for Primary Schools , Barrett & Zhang (2009) note
several key considerations in classroom design: 1 . identify the proposed activities that are likely

to take place and provide a wel |-defined area that offers resources that can be shared by

students, regardless of whether an open plan or enclosed classroom, 2 . Size based on
determining the average number of children involved with each activity and calculating the
amount of space each  child will need to function as they participate in activities such as reading,

writing, working or simply listening in that activity and 3 . the layout will need to be planned to
accommodate activity modes including instruction, experimentation or group rel ated activities.

Furthermore, Barrett & Zhang (2009) highlight the importance of choice, flexibility and

adaptabiity . They note that fin order t o instractidndl modeschere mmodat e
is no doubt that maximizing flexibility is essential f or contemporary and future -oriented school
a n dondiof the most important aims of open plan is flexibility and adaptability so that schools

can respond to changes in deliver ing teachingandlearning . dhey recommeeadhlargeat
group, small -group, a nd/or individual learning space should be an architecturally well -defined

@ctivity pocket dwith all the furniture, equipment, storage, and resources necessary for that

learni ng activity contained within .0

Dovey & Fisher 6 $2014) review conclude d t h a t hiléithere were many reasons for this failure
(including acoustics) it is clear that such open plans often confused flexibility with openness and
were poorly matched to new lea rning practices. In the new century we are seeing a substantial
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re-emergence of s tudent -centred pedagogy in all educational sectors, geared also to

communications technologies and information flows that are difficult to optimise in the

traditional classroo  m. A new round of architectural innovation has emerged globally with the

overt go al to enable better such pedagogies. Instead of simply open plans we are seeing

assemblages of different spaces grouped in clusters with meeting rooms, learning commons and

tr aditional classrooms in a myriad of new arrangements. 0 The next secttheon descri b
evolution of the open plan classrooms into the new ILEs.

4.2 Innovative Learning Environments
4.2.1 Arange of space types

Just like in offices, classrooms and school layouts can no longer be simply categorised

dichotomously as enclosed or open plan . Modern schools have a wide range of classrooms
designs that lie on a spectrum  somewhere between traditional cellular classrooms and fully
open plan spaces. Due to their diversity in design, evolution over time and response to

changing pedagogy, such hybr id spaces are termed ILES

Some time ago, Bennet etal (1980) identified three main types of open plan classroom des ign:
1. fully open plan, 2. semi-open plan and 3. flexible open plan . This categorisation was adopted
more recently by the [oA  /ANC (2015) in their acoustic design guide for UK schools, derived
from the origina | thesis by Greenlan d (20 09), see Table 2. They comment that each categor y
requir es different organis ation and management techniques, with some activities being more
suitable than other s. Whilst there is acknowledgement of a range of classroom spaces, the

emphasis is still on open plan design.

Design type Recommended use and management of space
Fully open plan T Plenary session recommended for critical listening periods
) (instruction/discussion/presentation); group and individual work
Provides a large degree  of should be coordinated  and managed by a single team, not
openness with divisions  provided | organised independently; small enclosed rooms surroundin g the
only by mean s of loose fixtures open space are essential to  withdraw to when needed.
Semi -openplan 1 Independent teaching involving simultaneous critical listening
o periods is possible given goo d acoustic design, seating layout and
Building generally open but suitable activity plans. Small group rooms are recommended,
teaching spaces are defined by particularly if  space is used by those with special hearing a nd
walls with openings in ~ them communications needs
Flexible open plan T Compatible for independent teaching sessions involving general
learning activities. Sufficient sound insulation would not be
Areas can be opened out or achie ved for specialist activity involving high noise levels (such
closed off by means of s liding or | asmusic,dramaand  design technolo gy), therefore careful
folding partitions timetabling and management of these activities is required.

Table 2. Three categories of open plan classrooms

Imms etal ( 2017) o blisEs existén aitonfusing array of designs, from huge open spaces

to highly flexible arrangem ents of classrooms that can be reconfigured to create learning spaces
such as student r et r spatesangruchenore. OmaSk ewi Heppell, Meppell &
Heppell (2015) mote thatthe new spaces in schools fihave been characterised by greater scale,

a multifaceted layout with zones and activities marked out by furniture and colour, with little

three sided spaces - nooks or booths - offering p rivacy without secrecy, and an intentional

absence of traditional details like expensive corridors, rows of id entical chairs, a teacher zone,

or closed doors. 0
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Dovey & Fisher (2014) analysed a sample of 59 notable and award -winning middle schools
drawn fr om three international organisations. They used the plans to develop a typology of six
spatial components : 1. classrooms 1 traditional closed learning space, 2 . commons i alarger
learning space that cannot be fully enclosed, 3 , Streetspace 1 a large pen learning space
exposed to through traffic, 4 . meeting area 1 asmall learning area, 5 . fixed function 71 a
learni ng space with specialist use, and 6 . outdoor lear ning T considered an integral part of the
learning cluster.  They propose that these components help simplif y a complex range of places
and allows space plans to be analysed showing the degree to which each o f the spatial
components appears and their interc  onnectivity with adjacent spaces.

Using their six components, Dovey & Fisher (2014)  then proposed that the layouts of most
schools can be categorised within a framework of five cluster types along a loose c ontinuum
from the traditional to the fully open p lan. The ir five types are: A . traditional classroom clusters,
B. traditional classrooms plus streetspace, C . convertible classrooms, D . convertible streetspace
and E . dedicated commons. The five types were nicely illustrated by Cleveland (Cleveland,
Soccio & Love, 201 6; Imms, Cleveland and Fisher, 2016) and form a spectrum of learning space
designs, see Figure 4.

(A’ ‘Bl GC! ‘D! ‘El

TRADITIONAL Bi-foldi I OPEN-PLAN
Learningspaces =~ 7777 i-folding wa Learning spaces

Solid wall

E'] Store room . Classroom . Street-space - Commons

Figure 4.  Five cluster types of learning space s (Dovey & Fisher , 2014)

Dovey & Fisher (2014) intended to  fireveal rather than to eliminate ambiguities and there are

many variations that lie between and within the types diagrammed . ®lan types C and D

|l abell ed 6convertibled are those with a relatively
removable (folding, sliding) walls. They represent an architecture thatis more likely to satisfy
both traditional and student -centred learning at different times i.e. the y represent the more

recent ILEs.
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Inarecent study, Imms etal (2017 ) adopted a sli ght variation of Dovey and Fi shdwbs
clusters of learning spaces and overlaid it with their own typologies of teaching practices, see
Figure 3. Their slightly amended typology is: A. t raditional closed classrooms entered by a
corridor , B. traditional ¢ lassrooms with  breakout space , C. traditional classrooms with flexible
walls and breakout space , D. open plan with the ability for separate classrooms and E. open
plan with some adjoining spaces . When they compared the assessment of learning spaces with

te aching practices, made by 6,000 school principals, they discovered that 70% of schools had
traditional classroom types (Type A & B) but only 36% of the time was spent in teacher
facilitated presentations (Type 1), see Figure 5. It is sometim es argued that open plan and ILEs

are not so good for traditional o6chalk and talkd style

should be recognised that such teaching practices are no longer dominant in classrooms and,
therefore, equally tradition al classrooms a re not best suited for the other increasingly common
teaching activities.

» Typology 6: 6%
TypEE:H*’ Typology 5: 6% ‘

Type D:7 % Typology 1:36 %

Typology 4:16%

Type C:9%
TypeA: B %

Typology 3:10% 4~

TypeB:12%

Typology 2:25%
Figure 5.  Comparison of typologies of learning space designs with reaching practices

Dovey & Fisher (2014) note thata s a school become s more open (TypesC,Dand E) italso

beco mes more exposed and possibly noisy, which may constrain the activities which it was

initially designed to accommodate . The openness therefore produces a demand for

segmentation or semi  -enclosure and so many of the Type E spaces incorporate a variety of

smal |l er separate dheetomralt dwdartlat fithe most open of
most adaptabl e because t huaythedangesisthahdpen plank ardé cheaper

to construct than segmented ones a nd, for budgetary rather than pedago gical reasons, are

more likely to be supported. 0 The semi -enclosed and more flexible cluster types (C and D)

appear to be the optimal solution in terms of construction, cost, use and success.

4.2.2 Successful and less successful ILEs

Imms etal (2017) rem ind us that whilst ILEs are celebrated by some for the new teaching
practices that they facilitate ,we must whetherthg dnticipated pedagogical value of

t hese -tbmadi t dpacesdslbase d on idealised visions  of teaching and learning rather th an
sound evidence. 0 Vinje (2014) , cited by Eriksen (2014), is highly critical of the open plan

schools being built in Norway and believes that the schools are not good for learning and are

built ont he basis of financial incentives and accommodating  growin g student numbers within
the same space. Vinje comments "This is being done under the pretext of greater flexibility and

more possibilities for adapted teaching, but the reality is often more noise, less concentration,
and the practice of ability grouping that is pushing the limits of what is permissible under

current regulations  ."

Cleveland, Soccio & Love (2016) conducted a qualitative evaluation of 12 learning environments

with a mixture of  the five cluster types shown earlier in Figure 4 . All the learn ing environments
that they evaluated were supportive of a range of teaching prac tices . However, small group
work was identified as challenging in the more traditional classrooms ( Type A and B).
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Furthermore, the traditional classrooms were found to be less supportive of teacher supervision
than the other three types of learning environ ments. In contrast, whole class work was

identified as challenging in the more open  dedicated commons 6(Type E).

Despite their positive review of ILEs, Heppell, Heppell & Heppell (2015) comment that the new

spaces have received mixed reviews il n ma naools theséh have been spectacularly

successful, with better engagement, better learning, better results and more enjoyment all

round. They are bigger spaces, but they should not be the barn -like noisy open plan spaces of

the 70s in any sense. Despite that s uccess, in most cases staff still had to discover how it could

all work for them, and for their students. Most did so successfully, but in a few cases the staff

simply collecti vely wrung their hands and asked how they could carry on exactly as before now

that their teachersé desks, or the wall s, had gone? And
screens, anything to (badly) recr &aentary toh & ridgdtafoasde d b o x e ¢
changing mindsets i s therefore of paramount importance for the success of ILEs.

In the ir survey of 6,000 school principalsin  Australia and New Zealand , Imms etal (2017)
assessed teacher 6st ema oldmihdfranmee & consilered the mediating variable
that directs how they think and act when engaged in all aspects of teaching. The study found

t hat t h echaols Wwith a higher prevalence of traditional classrooms reported a lower
assessment along the teacher mind frame continuum, with the reverse in more flexible learning
spaces. dmms etal al s o f o u nsuidemtsh & tradifional classrooms exhibited less deep

learning characteristics, with the opposite in more flexible learning environments. 0

Plotting the mean scores on the te acher mind frames and stud  ent deep learning scales for all
schools in each of the five learning space types, illustrates how flexible classrooms ( their Type D
and E) support these performance metrics better than other types, see the chart on the left of

Figure 6. Imms et al then co mpared schools the schools with traditional classrooms (Type A). In

this subset, they discovered that schools (shown in red) where the most teacher -centric

teaching approach  predominates (Typ e 1 in Figure 3 ) have much lower teache r mind frames

and student deep learning. In  contrast, for those  traditional schools (shown in blue) w  here

other teaching approaches predominate (Typ es 2 to 6 in Figure 3 ), the means of teacher mind

frames and student deep learning are much higher. In concl usion, both the type of space and
type of activity affect teacher performance (mind frame)  and student learning.

3.2 32

341 31
g 2
£ £
] 3 Type D - Open plan with the g Type D - Open plan with the
—Q‘ ability for separate classrooms §_ Tradit | — - ability for separate classrooms
g 20 Type E - Open plan with 2 29 approaches predominant e Type E - Open plan with
- some adjoining spaces £ ’ . some adjoining spaces
§ Type B - Traditional classrooms § _ Type B - Traditional classrooms
5 28 with breakout space 5 28 e with breakout space
E [ ] Type C - Traditional classrooms with § [ Type C - Traditional classrooms with
g 2.7 Type A flexible walls and breakout space ﬁ 27 Type A flexible walls and breakout space
g Traditional classrooms = Traditional classrooms

2.6 26 Traditional classrooms; teacher

@ facilitated presentation, direct instruction
25 25 or large group discussion predominant
28 29 3 3.1 3.2 3.3 3.4 3.5 28 29 3 31 3.2 33 34 35
Means of Teacher Mind Frames Means of Teacher Mind Frames

Figure 6.  Learning space clusters by teacher mind frames and student deep learning

Vinje (2014) conducted surveys of 1,700 Norwegian teacher s and found that 81% favoured the
traditional classroom. He is quite critical of open plan schools and argues that "Through open
learning spaces, architecture is becoming a lever that opens the door for a new type of

pedagogy that has no basis in scientifi c rese arch. It also conflicts with what teachers and

parents believe provides optimal learning environments for children and adolescents .0
Furthermore, Vinje found that the open plan solutions had no pedagogical plan to support them
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such that the tradition ~ al met hod of class grouping  and teaching was retained. He claims that
traditional teaching is not conducive to large open spaces, surrounded by small rooms, thus
many teachers end up squeezing more students into the smaller rooms leaving the larger

spaces unused. The issue here appears to be that staff were not motivated, or instructed how,

to change their teaching style.

4.2.3 ILEs in further education

Another form of ILE is collaboration space, more commonly seen in further and higher education
instituti ons. Gr aet z ( 2 0ThéJlassnoont i lorfiger a place where information is

delivered to passive students. A growing number of students get that information elsewhere

and do not expect to hear it repeated verbatim in class. Instead, the classroom is becoming an
interactive, collaborative environment where knowledge is created actively by students . 0

Ne v er t h e&Slreegsdndidate that the lecture is still the most common instructional method
used by college educators in the United States. 0 Sthereis some uptake of collaborative

spaces in colleges , but there appears to be some reluctance to uptake too.

Graetz & Goliber (2002) highlight the problems of using traditional college lecture theatres for

coll aborative | ear ni ng :intoffi Weamalldioups athceask ehch graup ta slse a
problem and present a solution. Anyone who has attempted such a feat can attest to the

inadequacy of most college classrooms for supporting group work and the importance of the

physical environmentind  etermini ng the success of collaborative learning .0 They identify s
other reasons why |l ecturers may not be adopting coll ab«
use of lectures probably stems from situational factors, specifically, the absence of support for

alte rnative methods, the absence of extrinsic incentives to change, and the requirement

to use classroom facilities inadequate for supporting collaboration .0 They also identify
(rows of desks), the space and density (lack of space required for group  work) and noise  as key

barriers to uptake by college lecturers

Braat -Eggen etal (2017) suggestthere are two broad categories of learning spaces in higher
education: formal and informa |. Formal learning spaces are classrooms and lec ture halls ,
wherea s informal learning spaces are all other environments where students can work

individual ly orin group s e.g. libraries, study areas, lobbies, atria, corridors, lounges, coffee

shops, canteens, restaurants and outdoor spaces i mostly open plan spaces. The r esearch of
Braat -Eggen etal (2017) showed that 38% of the ir surveyed students observed are disturbed

by background noise. = The main disturbanceis  speech when performing complex cognitive tasks
and s ignificant , but weak correlations , were found between the room acoustic parameters , noise
disturbance and people walking by . They revealed that studentsin open plan informal spaces
work on group assignments, brainstorm ing and in discus sion, thus producing  speech -based
noise. However, the spaceis also simultane ously used for concentration and individual work
which creates an acoustic dilemma. More than half (57%) of the students indicate d they use
earbuds or headphones  to minimise distraction . Such open informal spaces are clearly
unsuitable for such contrastin g activities and require a wider range of spaces, or better

coordination of activities, as in the more successful ILEs.

Scannell etal (2016) objective ly measured acoustical characteristics and arc hitectural features
plus survey ed 850 students in 23  infor mal learning spaces in a Canadian university. They found
that the sound levels tended to exceed maximum values recommended by standards. Some
design features such as more vegetation, the presence of soft furnishings, and lower seating
density predicted som e perceived aspects of suitabilit y. In these spaces , the students want to
be able to talk to and hear colleagues in their small working groups, whereas noise (unwanted

sound) may arise from backgrou  nd sources that are  not part of the learning activity and so are
distracting. In general, the acoustical aspects of the spaces were considered unsuitable for their
learning activities . Scannell etal recommend limiting density, incorporating vegetation,
including couches or other soft materials and enhancing spee ch intelligibility and privacy.
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5.0 Classroom acoustics

5.1 Development of acoustic  standards

In her detailed historical review of American schools, Baker (2012) identifies the timeline for
introducing acoustic standards in schools. She refersto a 19 " century reference to school

design (Barnard, 1842 , cited by Weisser, 2006 ) which report ed thatschools are ial mo st
universally, badly located, exposed to the noise, dust and danger of the highway, unattractive,

if not positively repulsive in their extern al and internal experience .0 Nevertheless, many books
were written on the design and construction of school s at the turn of the century e.g. Briggs
(1899). However, Baker also notes that architects did not devote time to designing classrooms

for acoustic p erformance until the  late 1940 s. The later consideration of acoustics may be
because new mode Is of learning were being introduced which required better acoustic control
Baker refersto Hamon (1948) wh o n ot e dSoundcaritrol Ras become an important

pro blem in schools, because of more informal school procedures and a greater use of non -

sound -absorbent building materials .0

Baker quotes Luce (1949) who explained that fAgood hear:i
satisfaction of four basic requirement s: 1 . sufficiently low level of background noise , 2.

adequate separation of succe  ssive sounds (reverberation control) , 3. proper distribution of

sound within the space , 4. sufficient loudness of sounds . &nfortunately, Luce also revealed that

these acousti ¢ principles were not  implemented by the designers of  schools constructed in that

time . Baker (2012) note s that a coustical standards and research gained more popularity during

the 1960s fiespecially as the industry sought feedback on the effects of open pla n schools . 0

The acoustic mantle was picked up again when fi esearch conducted in the 1980s and 1990s

greatly contributed to industry understanding of the necessity of good acoustical conditions in

classrooms. These papers,  which covered the importance of | ow background noi  se level, speech
intelligibility and the avoidance of sites with periodic acoustic disruptions helped to identify not

only that acoustics mattered, but also the appropriate thresholds for acoustical standards 0
(Baker, 2012). Since then man y countries have introduced national standards for acoustics in
schools and more recently more detailed and/or stringent best practice guidance has been

introduced , for example through BREEAM, LEED, WELL and the oA /ANC6 #coustics of Schools:
A Design Gui de (2015). However, national standard s use different acoustic criteria, as explained
in the next section.

5.2 National standards for traditional classrooms
5.2.1 Design criteria

Barrett & Zhang (2009) explain that céncerredvitithg ect of r o«
control of sound within an enclosed space. The general aim is to provide good quality conditions

for the production and the reception of desirable sounds ... Comfortable and clear auditory
perception, along with freedom from noise not on ly im proves communication but also promotes
working and learning efficiency .Ghey continue that HAthe essential reqgtl

acoustics in learning spaces can be summarised as follows: an acceptable noise level, adequate
levels of sound, even distr  ibuti on to all listeners in the room, a suitable rate of sound delay for
the type of room .0

In the UK, school acoustics is governed by Requirement E4 (in Part E of Schedule 1  of the
Building Regulations , 2010) which referto Building Bulletin 93  (BB93). Intere stingly,
Requirement 4  only covers school s and notf urther or hi gher education . BB93 also refers to the

Independent Schools Standards 2013 and School Premises (England) Regulations 2012 Al n a
school with a good acoustic environment, people will exp erience good sound quality T enabling
people to hear clearly, understand and concentrate on whatever activity they are involved in .0
Regarding internal conditions, BB93 specifies the indoor  ambient noise level s (Laeg,30min ),

airborne sound insulation (DnTw), impa ct sound pressure level (L fw), mid -frequency
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reverberation times ( RTm) and the Speech Transmission Index (STI). Different levels are set for
newly built schools and refurbished ones, and more stringent criteria are set for open plan
classrooms , see Tab le 3.

Other European standards and guides use similar criteria. For example, Eggenschwiler &
Cslovejcsek (2008) refer to the TC-RBA WG3 report of the European Acoustics Association

which recommends for open plan classrooms an RT 0.3 -0.4 s, acoustic attenu  ation between two
teaching groups of <15 -20dB and an STI >0.6 within teaching groups and <0.2 s between
teaching groups. These seem in -line with some of the national standards listed in Table 3.

Mgller Petersen & Rasmussen (2012) referto Guideline 218 published by the SBi (Danish
Building Research Institute ; Hoffmeyer, 2008 ). The repor t contains recommendations and
guidelines on effective sound reduction (by 15 -20 dB) a s well as managing the STI, see Table 3.
It also recommends  large amounts of absorption resulting in  very short reverberation times

Some national standards include the Speech Transmission Index (STI) whereas others do not.

The New Zealand Ministry of Education (2016) highlight that | istening is critical to the learning

process and, w hile t here may factors  affecting student listening ability, the following acoustic

factors can be managed through good design: ambient noise, activity noise (from other learning

activities in nearby spaces ), reverberation and low signal -to-noise ratio , sometimes referred to

as speech -to-noise, or signal -to-noise, ratio (SNR)i.,e. t he rati o of the teacheroés
ambient noise. Shield etal (2015) estimatethat 40% and 50% of teaching time is spent in

plenary sessions with the teacher speaking to the whole class. Imms etal (2017) estimate that
only 36% of the time was spent in teacher facilitated presentations. Therefore, it is essential
that the acoustic design of the classroom enhances STI throughout the classroom and the SNR .

Guidance fr om The National Union of Teaching ( NUT, 2013) emphasises the importance of SNR.

The sound |l evel of the teacher 0 soiselevelin¢he mimregualsthehe back gt
SNR T the larger the SN R, the greater the speech intelligibility , Whereas ifthe S NR is negative

the teacher will be hard to understand . The NUT s ug mpelassraomsthaviang a signal -

to-noise ratio of less than +10 dB, speech intelligibility is significantly degraded for children with

average hearing. Ideally, for good speech intelligibility, the level of the voice needs to be at

least 10to 15 dB above the background noise level . @hey also propose RTsintherange of0.4 -

0.8 s but commentthat reverberation times in many classrooms fall outside these limits.

The American ANSI S12.60 standard specifies maximum background noise level and RT along
with specifications for Sound Transmission Class (STC) ratings for wall assemblies and Impact
Insulation Class (1IC) ratings for floor -to -floor noise transmission.

In summary, in terms of acoustics a mbient noise levels need to be maintained ata r easonable
level ( Laeq 35-40 dBA), reverberation times minimised ( RT <0.55s), speech intelligibility
improved in the classroom (STI >0.6), but reduced between classrooms (<0.2), and speech -to-

noise ratio incre ased (SNR +15 dB).

Before moving to the next s ection, it needs to be pointed out that noise is commonly defined as
@nwanted sound 6 Humans convert air pressure waves to sound, through perception, and then
through cognition  determine if those sounds are either noise or acceptable depending on the
mean ing and context etc . (Oseland and Hodsman, 2017). So, i n the classroom, the sound level
is only considered noise if found distracting by the teacher or students for the task in hand.

Introducing music for exa  mple, through speakers, will increase the ambient sound level but it

may not be distracting or annoying (a noise) forall and, research shows, could even help some
personality types improve their performance. Similarly, higher sound levels are likely to be

more acceptable for group work or less focussed tasks. Itisa pedantic point, but nevertheless
whilst most standards and research refertono ise levels, they actually mean sound level (and
Laeq is defined as a sound level | not noise, measurement ).
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5.2 .2 Field measurements

Shield, in her introduction to the Essex Study (Canning & James, 2012) comments that
iProbl ems caused by noise and poor acoustic design in ¢
recognised for over 100 years. If noise levels are too high or r ooms are too reverbera  nt pupils

find it difficult to hear and understand their teachers, while teachers find it difficult to speak and

often suffer from voice disorders as a result of continually raising their voice. Despite the

introduction of various gui delines over the years  aimed at ensuring good speaking and listening
conditions in schools, many schools continue to be buil
with high noise levels and reverberant conditions creating difficulties for both pupils and

teachers .0

The NUT (2013) draw s a similar conclusion: ifiTeaching and | earning are acous
activities. It is recognised, however, that a great number of classrooms in England and Wales

have poor acoustics .0 E v e n thefintraductiono fBB93 fis o me n e w s arefiliogptd

comply with minimum statutory requirements on acoustics .0

Mydlarz etal (2013) surveyed 203 classrooms in 12 UK schools. They found thatthe ambient

noise levels (Laeg) in 67% of the surveyed classrooms had noise le vels above the BB93

recommendation.  They also discovered that student density had high significant negative

correlations with  noise level . These correlations are understandable as more students in a

smaller classroom space would inev itably lead to increase s in noise level (and also CO 2, another

potential issue). Mydlarz etal also investigate d the difference between open plan and traditional

cellular classrooms  but, s urprisingly , they found that ii t woul d seem t hHypashavehes e r
similar L aeq values .0

Shield atal (2015) examined enclosed classroomsin 13 UK schools and open plan onesin  four

schools. The average open plan ambient noise levels ( Laeq) were slightly higher than the

traditional classrooms, by 1.8 dBA , but close to standards . They bel ieve the slightly higher noise

levels are due to  traffic surrounding the innercity open plan school s and conclude that

Aunoccupied noise | evels and reverberation times in opc¢

current requir ed standards .0 They also found that the STI was similarin the traditional (0.71)
and open plan classrooms (0.74). So, it appears some classrooms, regardless of whether

traditional or open plan, perform acoustically better than others. Non -acoustic factors  include
the management of student behaviour, the types of activity being carried out within and around

the classroom, and the coordination of those activities.

Zannin and Marcon (2007) reported that every objectively measured acoustic characteristic
(background noise, reverberation time , sound insulation) of the classrooms studied fell short of

Br a z natiodad standards. Shield etal (2015) also reportthats urveys of primary schools show
background noise levels in unoccupied classroo ms approximately averag ing 40-48 dBA in UK,
33-54dB Ain USAand 33 -44 dBA L aeq in ltaly. So, it appears Italian schools are better at

meeting standards. They also report that in university classrooms  noise levels are lower and in -
line with standards . The classroom activit ies and teaching style clearly affe ct noise levels.

5.3 Additional  requirements for open plan
5.3.1 Noise level and reverberation time

Campbell (2017 b) not e s Frbmaan acBustic perspective it is quite straightforward how to

secure a good acoustic environment in traditional classrooms, depending on the volume,
geometry and construction of the materials € However, moving from traditional cellular

classroom creates more challenges around the sound environment when doors and wall s are
removed. 0 L i k ethe NMew Zealand MoE (2016) reportf ocuses on acousticsin | L E gust adi
in traditional classrooms, for these flexible spaces to support learning it is important that they

are acoustically engineered to address potential backgroun d noise issues .0
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From an acoustics perspective, i t therefore appears that with care it is possible to design
successful flexible classrooms, but perhaps less so for fully open plan environments. The USA

standard on classroom acoustics, ANSI 12.60 , activel y discourages the use of open plan
classrooms : Adequate nois e isolation between adjacent learning groups cannot be assured
unless each learning group is fully enclosed by ceiling  -height sound barriers. Because of the
inherent low noise isolation, partiall y enclosed or unenclosed learning spaces are not

recommended when good speech communication isdesired. 6 The standard, however,

that classrooms are either enclosed or not, and does not appear to recognise the new varieties
of flexible or semi  -open plan classrooms, or Type D and E ILEs. It does, however, reco gnise
that acoustics requirements are activity based.

The New Zealand MoE (2016) reports statesthat A The evol vi ng -fireaedIgarmnng s el

reduces the traditional emphasis on acoustic connections between t
whole -class gr oup. It establishes the need for acoustic privacy for students engaged in self -
directed learning or in small group tasks, and acoustic management of larger spaces to reduce

background n oise, particularly during collaborative learning sessions . Gurthermore A Wi t h
careful acoustic design didactic teaching can also be carried out side -by-side in flexible learning
spaces. @s guidance,t he report offer s the following four key acoustic parame  ters are:

1. Reverberation time T An RT of 0.5-0.8 seconds for flexible|  earning spaces and 0.4 -0.5 for
breakout and meeting spaces.

2. Sound insulation performance T A Sound Transmission Class (STC) value of 50 between
walls of separate flexible learning spac es and breakout spaces . However , for &oordinated
flexible learning spa ces6the STC values do not apply , but adequate sound insulation and
absorbent materials are required.

3. Impact sound insulation T Achieve a minimum Impact Insulation Class (IC) performance of
55 between floors.

4. Ambient noise level 17 An ANL of 35-45dB A (Laeq) for flexible learning, breakout and meeting
spaces.

The MoE guide distinguishes between  separate flexible learning spaces, ma  naged

independently , and coordinated ones, connected to form a learning hub, see Figure 7.

Furt her more AWher e gaybmarexodneectédevia spenings, void spaces, open

stairwells, or are part of a larger space, the sound -ratings do not  apply. In these cases, sound
separation should be achieved through a combination of distance, screening and sound

absorption. Some coor dination between learning hubs may be required .0 The New Zealand
design criteria are shown alongside other National Stand ards for o6open planbd
3. Some standards have further requirements for non -traditional classrooms.

a f-

SEPARATE FLEXIBLE LEARNING SPACES COORDINATED FLEXIBLE LEARNING SPACES

Figure 7. Separate and coordinated flexible learning spaces
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Petersen (2002) recommends a maximum reverberation time of 0.3 -0.4 s for open plan
classrooms , which is consistent with the findings of Greenland , Shield & Dockrell (2009) who
recommend <0.4 s for furnished, u noccupied classrooms . The IoA /ANC (2015) recommend that
filn th e absence of full partitioning to control sound transmission, it is essential to control
reverberation times and reverberant sound levels as far as possible, to cope with the reduced
signal -to-noise ratio due to higher intrusive noise. For this reason shor ter reverberation times
are required in open plan classrooms compared with enclosed classrooms. o}

Canning & James (2012) conducted a six -month experimental study of Sweyne Park School,
referred to asthe dssex Study & They used four similar classrooms in the Mathematics

department and acoustically modified three of the classrooms, on three separate occasions, and

used the fourth classroom as a control. Visual clues to the changes were kept to a minimum
creating a blind study in which the staff and pupils d id not know when changes were made to

the classrooms. The experimental conditions were: 1. dntreated 67 slightly outside the  Building
Bulletin 93 (BB9) minimum standard, 2. BB93 67 meeting the requirementin  BB93, 3. BB93 HI 6
i the BB93 requirement for classrooms specifically for use by pupils with hearing impairment

and 4. BATODG6T meeting the standard recommended by the British Association of Teachers of

the Deatf.

Canning & James (2012) found thatthe RT was significantly | owerinthe &B93 HI 6and BATODS
conditions, achieved by introducing plasterboard which provided significant absorption at low

frequencies. They also found that the reduction in RT from t h e ntrgdted 6to BB9I3 dconditi ons,
from1.2t0 0.8 s, resultedina decrease in ambient noise levels of 9dB . Furthermore,t he
difference in RT between the @B93 6and @B93 HI 6 BATOD 6conditions , from0.8t0 0.4s

resulted in a further 9 dB decrease. The researchers quite rightly com ment t hat FfdBh 18
decrease is very significant indeed . @bsorption therefore  appears to affect both RT and the
ambient noise level.

5.3.2 Speech Transmission Index (STI) in open plan

In the UK, Building Bulletin 93 (BB9) highlights that open plan classr ooms do not satisfy the
normal means of meeting Building Regulations :fiopen pl an spaces require addi
specification as they are significantly more complex acoustic spaces. The main issue is that

intrusive noise arising  from activities in adjacent lear ning areas and circulation spaces

significantly increases the background noise level, which in turn decreases speech intelligibility

and can cause distraction. 0 A's s Im ordter to domply with the School Premises Regulatio ns,

the Independent School Stand ards and the Equality Act , it is necessary to consider the Speech
Transmission Index (STI) in open plan spaces (both new build and refurbishments), and it is

strongly recommended that STI criteria for open plan accommodation are incorporated as a

contractu a | requirement within the employerds requirements/

BB93i s also initially dispar agi ®©cgupantsworking and falkirgn c| assr oo
within the space tend to raise their vocal effort as the background noise level increases,

resultin g in a spiralling increase in noise levels. This can be reduced, but not eliminated, by the

provision of large amounts of acoustic absorption. Open plan teaching and learning spaces

should not be regarded as a simple alterna tive to traditional classrooms a nd may be unsuitable

for some children .0 However, BB93 also recognises th e importance of activity when setting

acoustic criteria: fii n some instances, open plan designs may not
listening activities, o0 r multiple and simultaneous inde pendent instruction. For example, critical

listening activity may only occur as a single, plenary session (i.e. having negligible intrusive

noise from adjacent areas), followed by break - out activity sessions. These breakout sessions

may only involve less ¢ ritical personal listening activities (e.g. one -to-one or small group

instruction, paired or small group work) or individual study. In this case it is necessary to

demonstrate STI compliance for the plenary session only, pro vided that the reverberation tim e

target is also achieved .0
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In their recent report which builds on BB93, the I0A/ANC (2015) verify thato pen plan spaces

must address speech intelligibility —because intrusive noise arising from activities in adjacent

learning areas significantly increases the background noise level, which in turn decreases

speech intelligibility and causes distraction. As a c¢ ons e @acapantsevorking and talking

within the space tend to raise their vocal effort as the background n  oise level increases,

resulting in a sp iralling increase in noise levels, unless sound absorbent finishes are

provided .0 They r ecommen®0 asfor Bribtiuctionfor critical listening activity within a
group and an STI OO0 . 8forcritical listening activities between groups . However, it should be
noted that sound absorption can help dramatically improve speech intelligibility.

5.3.3 Signal to Noise Ratio (SNR) in open plan

Shield, Greenland & Dockrell (2010) recommend Fdrbpantplad classrooms with dynamic
learning activities and v arying intrusive noise levels, it is more appropriate to use a design

criterion such as STI which combines both speech -to-noise ratio and reverberation in a single
parameter. 06 Theynmar i s e Thelitara tui@ generally recommends providing at least

15 dB speech -to-noise ratio throughout the classroom (with reverberation time controlled to

0.5 s) to ensure that all participating listeners are able to receive the signal without

degradation. 0 Shield, Greenlan d & Dockrell cite Houtgast (1981) and Bradley (19 86) who

showed that in classrooms with occupied reverberation times of less than 1.2 s, student speech
intelligibility scores improved as the SNR increased to +15 dBA.

In their own research, Shield etal (2105) found the ambient noise levels in open plan and
enclosed classrooms were similar, but the averaged approximated SNR for plenary activity was

4 dBA less (poorer) in open plan classrooms . On first appearance, rooms having similar noise
levels buta difference in  SNR seems contradictory. However, Shie Id etal concludethat fiThe
particular difficulties caused by distraction from intrusive noise in open plan classrooms are

l'ikely to be due to the 6éirrel evant s p e ethdrthanfofhighct 6 r e p ¢
levels of classroom noise .0

5.4 Acoustic design of future schools

Twenty -first century national standards acknowledge the need for good acoustics in schools and
recommend a number of metrics and criteria to provide acceptable noise levels in schools.
Nevertheless, many schools, regardl ess of whether traditional enclosed or modern open plan ,
fail to meet the standards . More stringent criteria are placed on open plan schools because of

the potential of interference and distractio n from adjacent classes and conflicting activities.

The st andards , and reports of poor open plan schools, mostly reflect the unsuccessful large

open plan spaces of the 1960s  -70s rather than the new successful ILEs founded on a change in
pedagogy, teacher attitude, learning style, coordination of classroom activit ies, and
management of student behaviour, all accompanied by a range of design features aimed at
minimising distraction . It appears that acoustics is a challenge in all schools and more open

envir onments can magnify the problem if not designed and managed well. However, it also
appears that the more involved and collaborative approach to designing the new ILEs results in
acoustics being more likely to be considered at an early, rather than remedial , Stage of the
design process.
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6.0 Impact of noise in clas srooms

6.1 Effect on students

Whilst many reviewers report that noise has a negative effect on student performance, Shield et
al (2015) concludethatt he evidence from schools  actually indicates that the effect of noise on
student behaviour and attainment is complex, depending not only on classroom conditions and
individual factors concerning the child but also on the task being undertaken and the

corresponding cognitive demand S.

Indeed, in her detailed r evi ew, Weinstein (1979) r duflyoofseverttho - S1 at er 6 s
graders' performance on a standardised reading test under three noise conditions, ranging from

45 to 90 dBA. She concludes that nfoishaffecd,®ither anal ysi s r e\
detrimental or facilitating, on speed or accuracy of perfor mance . &he then reports on her own

study which examined the impact of noise in an open plan school on reading comprehension.

She found no differences in the reading performanc e of fourth -graders under quiet and normal

background noise levels. However, Wei nstein (1979) concludes that MAAIthec
been found in these short  -term studies of internal school noise, there is evidence that long -term

exposure to extreme no  ise may have a detrimental influence on performance .0 For exampl e,
Mealings et al (2014) found that high noise levels adversely affect speech perception, cognition,

concentration, and the psychoeducational and psychosocial achievement of students.

Zannin and colleagues have carried out several studies of schools in Brazil. Zannin an d Marcon
(2007) interviewed 62 teachers and 462 students in Brazil and both groups reported that noise

in the classroom was a major source of disturbance and came mostly from o ther classrooms.
Presumably, teachers and students in adjoining classrooms spoke too loudly. In a prior study,
Kruger and Zannin (2004) showed that classrooms were not a productive and comfortable place

to acquire knowledge, because of poor acoustics. Zann in and Zwirtes (2009) carried out a study
comparing schools built in 1977 1 2005. Despite reverberation time, sound insulation and

ambient noise levels meeting standards, their found that many classrooms are simply not

comfortable places to acquire knowledge or to be mentally focused at all time, due to noise
interference. They conclude that even when following best practice, the results are sub -optimal

for a learning environment.

In their review, Barrett & Zhang (2009) refer to Schneider (2002) who comment ed thatin
general the research  demonstrates that  good acoustics are fundamental to good academic
performanc e. They also cite Evans & Lepore (1993) who studied 1,358 students aged 12 -14
years, in their own classrooms but under different noise conditions, and found that a

statistically significant decline in recall performance was assoc iated with the noise conditions.
However, in a later study Barret, Davies & Zhang (2015) compared the national curriculum
points , of 3,766 students in 27 schools with physical factors , and found only a weak correlation
with noise (assessed through sound le vel measurements and expert evaluation). Their multiple
regression analysis revealed seven key design parameters that accounted for 16% of the
variability in pupi  Is' learning progress , notably: | ight, temperature, air quality, ownership,
flexibility, compl exity and colour.

Spark s (2015) reports that sound can increase stress and interfere with memory and learning .

She refers to a 2013 study in which 8 and 9 year -old students exposedto higher ambient noise

levels in school performed significantly worse on standardized tests in mathematics and French

language : Aftifference of 10 decibels of regular background nois e was associated with 5.5 -

point -lower scores on average in both subjects . ®he bel i evlavsvolunmedutchfonic

ambient noise raises cortiso |, a chemical marker of stress, in both children and adults, but

younger children are especially sensitive to i td In another ci t3wddisRdhutlets st udy,
were asked to learn texts in either a quiet classroom or one with background speech. Text was

more difficult to remember in a classroom with background speech. Spark s (2015) also quotes

UK research onthe  working memory of students aged 8-10 years exposedto 65to85 dB of
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white noise . They found that students assessed as having good attention skill s were affected
worse by the noise . However, they also  found that students with poor attention skills benefited
from the additional noise. The latter finding may be related to arousal theory and the view that
those with a lower level of arousal require sti mulation (Oseland & Hodsman, 2017).

Lewinski (2015) focuses on the effects of noise on younger children, citin g Chiang & Lai (2008),
Mills (1975) and DiSarno etal (2002) and claims that noise influences not only learning

outcomes but also their health. L ewinski concludes that, in the case of young children, they

have not yet developed enough executive skill in activities involving communication channels,

likespeec h comprehension, use of | anguage, and written and
interference prof oundly interrupts the process of acquiring those essential capacities in children,

and noise is far from the only possible kind of interference. Noise undermines re ading, writing

and comprehension skills, as well as overall academic performance, as noise m akes it hard to

focus on the task being performed. o

6.2 Effect on teachers

The d&ssex Study 6conducted by Canning &

James (2012) was referred to earlier in

Section 5.3.1 T they compared the noise

measurements and teacher responses in

classrooms designed  to different acoustics

standards. They found that the rooms built to

the more stringentBBS3Hhddar ds, i . e. o]
and @ATODG clearly have the best perceived

quality (a lower score) according to the

teachers, Figure 8.

The majority of studies which have examined

the impact of noise on teachers, invariably

end up showing an effect on teacher  voice Figure 8. Teacher 6s perceived c
disorders, ord ysphonia . The NUT (2013) in

the UK claimthatp oor acoustic conditions in the classroom incr
most teachers find it difficult to make themselves heard above high noise levels. Furthermo re,

recent surveys in the UK and elsewhere have shown that the incidence of voice strain/loss

amongst teachers is amongst the highest across all occupations. Mealings etal (2014) concur

reporting that  only 5% of the general population experience vocal fat igue whereas it is

experienced by 80% of teachers, putting them at high risk of vocal abuse and pathological voice

conditions. They also suggest that n  oise raises blood pressure, increase s stress levels, causes
headaches, and results in fatigue so that teachers in classrooms with poor acoustics are more

likely to take sick leave . Similarly, Chen atal (2010) note t h a teacliiets are the most likely to
develop voice problems of any professio nal group 0and that u p t808% df teachers have been
reportedly experienced a variety of vocal symptoms such as vocal fatigue, dysphonia, increased
phonation effort, dry throat, tightness, sore throat, etc. 0 This is mainly because fiteachers often
spend lon g periods of time  talking loudly in noisy environment s and in stressful situations. 0

Anderson (2004) also found  that teachers have to increase their speaking loudness level to

maintain speech intelligibility and teaching efficiency in a classroom because the background
noi se is al most as vdice.ulnheradsctotalehasish ean éeacher voice problems
Anhlander (2011) cites Vil kman (20 00) who summarises that investigations of complaints among
teachers, show that the majority have experienced voca | problems with 10% suffer ing from
severe problems and 5% experiencing problems so severe that their working ability is

questionable. Likewise, Pekkarinen, Himberg &  Pentti (1992) reported that 40% of the teachers
compared to 23% of  nurses found the backgr  ound noise disturbing , and th at the noise from
inside the classroom was considered more disturbing than that coming from outside.
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