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Executive Summary
Everyone in the education sector has similar core goals: to help students broaden their minds, develop important life
skills, achieve their potential, and of course pass their tests and get good grades. The campus - far from being an inert
vessel - has wide-ranging psychological and physical effects on its users. The relationship between cognition and basic
physical factors like temperature, lighting and ventilation is well documented. Now, new areas of research on the
connection between nature or green space and learning, productivity and wellbeing is coming to light. This combined
with theories of how people learn and the constructivist paradigm has important implications for the design of schools,
colleges and universities. Innovative green design has a huge potential for enriching the learning environment to better
facilitate student engagement, achievement and wellbeing.
Already persuaded of the importance of a green, healthy and learner-centred campus? Or just impatient?
Skip straight to our 17 design recommendations in Section 5 (page 16).
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1. Introduction

Everyone in the education sector has similar goals at the end of the day. You want to help your students broaden their minds,
develop important life skills, achieve their potential… And of course pass their tests and get good grades. Many of you may also
want to encourage a healthy lifestyle and a care for the environment and the community.
Budgets could also be tight - especially if your institution is public funded - which could be making you think about energy
efficiency, features that have multiple benefits at once and cost-effective low-tech ways to enhance the learning environment.

The building stock of the UK is typically not in the best shape so you may have out-dated and inefficient buildings or
infrastructure that needs a new lease of life.
This report is about the relationship between the built environment and student engagement, wellbeing and academic
achievement. Far from just an empty vessel for teaching, the campus has wide ranging impacts on what goes on inside the four
walls. We start off by summarising scientific evidence for how things like temperature, daylight and plants impact behaviour. We
then provide 16 principles or tips for designing with this new research in mind - whether it’s a refurbishment, an extension or a
new building.

With innovative green design you can create an optimum environment within which to teach, care for and inspire the next
generation.
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2. Physical Conditions and Learning

The idea that basic physical conditions such as temperature, air quality, noise and lighting, have an impact on cognitive ability
and mood is well established. There is a broad body of scientific research in this field, and while different studies show
relationships of various strengths, the consistent trend is that there are significant relationships between these factors. In this
section we outline the key conclusions of several scientific studies in this field.

We’ll be covering:

• Temperature
• Air Quality
• Noise
• Lighting
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2.1 Temperature

If you’ve ever experienced ‘brain freeze’ or been ‘too hot to think’, there’s plenty of scientific evidence to prove you’re not
imagining it. People do struggle to focus in hot or cold environments.

For example, researchers in the US1 analysed 22 studies on the links between temperature and performance in a range of
cognitive tasks, and found a strong relationship. They concluded that participants’ performance in cognitive tasks is
strongly reduced when working in temperatures below 10C or above 32C. Most classrooms or lecture halls will already be
between this range, however other studies suggest negative impacts are also felt in less extreme temperatures. A study for
the Journal of Applied Psychology in 20082 found that once temperatures rose enough to avoid participants feeling cold,
any further rise in temperature was associated with poorer scores on cognitive tasks. Another study on cognition published
in the Building and Environment Journal3 found that in most cases, reducing the temperature by just 1C resulted in an
increase in performance of around 4%.
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2.2 Air Quality
How clean and fresh the air we breath is also seems to impact how focussed and productive we are.
A recent 2016 study in the Journal of Indoor Environment and Health4 on carbon dioxide and cognitive performance found that
moderate concentrations of bioeffluent CO2 (carbon dioxide that people have breathed out) was correlated with participants
being drowsy, less alert, and giving slower and less correct answers in cognitive tests.

The same study mentioned earlier from the Building and Environment Journal3 also found that doubling the ventilation rates
seemed to improve their participants’ performance by up to 14%. A study in the US5 where 24 participants worked for six days in
offices that had either the national average level of volatile organic compounds (VOCs) and ventilation or the low level of VOCs
and high level of ventilation required by certified ‘green buildings’, found extremely large differences in cognitive performance. The
participants in the ‘green’ offices with high ventilation and low VOCs performed an astounding 101% better than the
‘conventional’ group.
Other studies show a wide range of percentage increases in performance, but the common factor is that air quality is thought to
have a significant impact on abilities such as focus and memory, which are clearly key elements of learning. Another study in the
Building and Environment Journal6, this time on the indoor environmental quality of six newly built English primary schools, found
that the noise, CO2 levels and thermal comfort were generally acceptable but natural ventilation (fresh air) was relatively limited,
with only 3 pounds per person rather than the advised 8 pounds.
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2.3 Noise
Unsurprisingly, numerous studies have shown that high levels of noise make it more difficult for students to study.

For example, a Swedish study7 on over 300 school children in two groups, closely matched for socioeconomic status, found the
impact of noise pollution from a local airport had significant impacts on memory and reading scores. Perhaps less obvious is the
impact chronic low-level noise can have, which will be applicable to schools, colleges and universities in urban areas with
insufficient insulation. A study in the Journal of Environment and Behaviour8 found the group of children exposed to chronic lowlevel noise had significantly worse memory recognition scores than their control group.

The research on music and learning is much more divided than the consistent picture we find with other kinds of background
noise. A study in the Psychology of Music Journal9 found students performed worse in cognitive tests when listening to music as
opposed to silence, and even worse when exposed to non-musical background noise. Interestingly, they also analysed
personality types, and found introverts were more adversely affected by the music or other noise than extroverts. However, many
students like to listen to their own preferred music while engaged in private study and the contested hypothesis known as the
Mozart Effect suggests listening to classical music before cognitive tasks can sometimes lead to higher scores.
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2.4 Lighting
Lighting is well known to impact mood, and is frequently utilised for this purpose. Evidence suggests it has multiple other effects
as well.

Research on lighting, health and achievement in the education sector suggests the spectral content of light has impacts on eyestrain, reading ability and cortisol production (stress), as concluded by a wide-ranging literature review by the National Renewable
Energy Laboratory10. In Learning Spaces13, Lori Gee cites a year-long study of 2,000 classrooms by the Heschong Mahone
Group, which found that: “Students in classrooms with daylight improved 20 percent faster in math scores and 26 percent in
reading scores.” A year-long study published in the Journal of Environmental Psychology12 concluded that windowless
classrooms should be avoided wherever possible. The impact of windows however is more complicated as the benefits are
thought to stem from the view as well as the daylight (see Section 4).
Daylighting naturally provides the full spectrum of light, however if this is not available a similar effect can be gained from fullspectrum fluorescent lighting. A study on elementary school-children published in the Journal of Educational Research11 analysed
impacts of different kinds of artificial light and found noticeable effects on health, academic achievement and attendance, with
those studying under full-spectrum fluorescent light having by far the best results.

As with the research on other basic environmental factors, the numbers vary but the consistent picture is that lighting has an
impact on learning and full-spectrum light such as natural daylight is best.

www.koruarchitects.co.uk
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3. Learner-Centred Design
In the book Learning Spaces13 Brown and Long argue a new emerging approach to learning called constructivism has overtaken
the old information transmission paradigm and has important implications for design.
According to these education theorists, three major trends are currently informing the design of learning spaces:

• Design based on learning principles, resulting in intentional
support for social and active learning strategies

These trends have been catalysed by:

• Constructivism

• An emphasis on learner-centered design

• Digital technology

• Increasing ownership of diverse devices that enrich learning

• A holistic approach to learning
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3.1 Constructivism

The education blog Concept to Classroom14 by WNET Education describes constructivism as:

“… A theory based on observation and scientific study about how people learn. It says that people construct their own understanding and
knowledge of the world, through experiencing things and reflecting on those experiences… Constructivism transforms the student from a
passive recipient of information to an active participant in the learning process. Always guided by the teacher, students construct their
knowledge actively rather than just mechanically ingesting knowledge from the teacher or the textbook.”

3.2 Communal and Secluded Spaces

Throughout Learning Spaces13 the contributors stress the importance of providing a balance between communal spaces for collaboration,
group-work, discussion and social learning and also spaces for solitude, individual focused study and privacy.

3.3 Agency, Engagement and Flexibility

Another key theme is providing flexibility and agency - allowing students and staff to adapt spaces for different purposes and take
ownership of their ‘’learning commons’’. According to Learning Spaces13, this helps students feel engaged and therefor assists deeper
learning. In practise this could mean having light-weight movable chairs and tables, white-boards on multiple walls or adjustable partitions
that can be used to create larger or smaller spaces.
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4. Nature-Inspired & ‘Biophilic’ Design
The in-depth report 14 Patterns of Biophilic Design15
The research on the human benefits of connection with nature and green

categorises principles of Biophilic Design into:

space is broad and interdisciplinary.

• Nature in the space (plants or animals inside, views
An important emerging part of this, is Biophilic Design. The term

to natural landscape, water, sunlight, breeze etc).

‘biophilia’ was coined in 1964 by social psychologist Eric Fromm, to
describe humans’ natural connection with nature, stemming from our
evolutional history. Over the next few decades, a niche field grew at the

• Natural analogues (nature-inspired shapes, colours
and textures, natural materials).

intersection of biology, psychology and later, neuroscience.

• Nature of the space (nature-inspired spatial
More recently, this field has been merging with that of the green building
movement - which has now taken on more responsibility for human
health and wellbeing as well as environmental sensitivity. Now a slew of
research has been piling up to scientifically prove and explain what most
of us experience intuitively: being in nature just makes us feel better. More
specifically, studies have shown how interaction with nature can positively
impact student learning as well as worker productivity, patient recovery and
community wellbeing more generally.

configurations providing prospective views,
curiosity/mystery and refuge).
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4.1 Indoor Plants
Of the three sections, the first is backed up with the most hard evidence.

For example, a study by the American Society for Horticultural Science16 compared the students’ subjective evaluation in two
otherwise identical classrooms, one of which included tropical plants. The students in the class with plants rated both their
course and their lecturer more favourably and said they felt more engaged. Although there was no significant difference in their
final grades, they did say they had learnt more. Another recent study17 looked at plants within offices, but could still be relevant
to the education environment. The University of Exeter, studying office workers in the UK and Netherlands, found adding plants
to a previously sparse office correlated with happier employees and a boost in productivity of around 15%.
So far it isn’t clear what exactly about plants has this effect. It could be related to their production of oxygen, their aesthetic
appeal, the act of caring for them or a combination of these - likely with other factors we haven’t identified yet.
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4.2 Attention Restoration Theory & Natural Views

Attention Restoration Theory helps explain the mental and physical benefits of connection with nature. The theory is that our
capacity for directed attention is limited and we get mental fatigue when faced with tasks that require a lot of directed attention
amid highly stimulating/distracting environments - such as a classroom or office. A study in the Psychological Science Journal18
suggests performance in cognitive tasks can be improved by first walking in nature or viewing natural imagery, which has a
restoration effect because the stimuli and our attention is more diffuse.

The 14 Patterns of Biophilic Design15 report quotes researchers Lewis and Vessel (2012) in describing the physiological response
of the eyes to screens and other tasks such as reading or writing:

“When sitting and staring at a computer screen or doing any task with a short visual focus, the eye’s lens becomes rounded with
the contracting of the eye muscles. When these muscles stay contracted for an extended period, i.e., more than 20 minutes at a
time, fatigue can occur, manifesting as eye strain, headaches and physical discomfort. A periodic, yet brief visual or auditory
distraction that causes one to look up (for >20 seconds) and to a distance (of >20 feet) allows for short mental breaks during
which the muscles relax and the lenses flatten”.

This helps explain why windows with a view tend to have a positive effect on those working or studying near them. A study on
100 white and blue collar workers in a Mediterranean wine company, published in Journal of Environment and Behaviour19, found
windows with a natural view (trees, landscapes etc) was associated with reduced workplace stress and increased job satisfaction.
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4.3 Prospect and Refuge Spaces

The 14 Patterns of Biophilic Design15 report suggests that a well designed building should include both what they call prospect
and refuge areas. Prospect areas are expansive and provide a view, ideally being raised and sheltered from behind. The reason
the authors give for the benefit of this kind of space is based on the Savannah Hypothesis which claims humans are predisposed
to like Savannah-like landscapes - where humans likely evolved. Being able to see far into the distance and survey the area for
hazards or opportunities makes us feel secure and in control. A modern interpretation could be a balcony area above a highceilinged central atrium. Refuge areas are enclosed on two or three sides and allow for feelings of safety, calmness, focus and
solitude. This maps directly on to the spaces for solitude recommended by Learning Spaces13 in the previous section, to be
balanced with communal spaces.
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5. Our Design Recommendations

Now we’ve reviewed some of the evidence around green design, it’s time to look at practical steps you can take.
Whether you’re planning a refurbishment, an extension or perhaps a whole new building, here are some tips and
general principles you can use to create a stimulating, healthy and inspiring space for your students to learn. While
some ideas will evidently be more suited to schools or universities or vice versa, all should be at least partially relevant to
any kind of education establishment.

www.koruarchitects.co.uk
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5.1 Refurbishments and New Buildings

1

5

Ensure walls and fittings are as air-tight as
possible and add drought proofing
To help avoid heat-loss and energy demand.

Add sun louvres or shades above windows
To block out the high midday summer sun and avoid
overheating and glare, while allowing the sun’s rays to warm
the room in the mornings and winter, when it is lower in the sky.

6

Install an energy-eﬃcient mechanical ventilator
with heat recovery
To continually bring in fresh air and keep up good

2

Upgrade to double or triple glazing

levels of natural ventilation. Make sure to choose the

To have an insulating effect, helping to keep warmth in and

quietest system available.

reduce noise from outside or other parts of the campus
disrupting your class.

3
4

7

Introduce plants or even a living ‘green wall’
To add interest, clean the air and allow students and

Install fully-adjustable full-spectrum artificial lighting

staff ‘attention restoration’ (see section 4.3). Add

To be used only when daylighting is insufficient, such as on

plants to as many classrooms/lecture halls, offices,

winter afternoons.

hallways & and communal spaces as possible.

Install high levels of wall and roof insulation

Plant a garden within the grounds

To help maintain a comfortable temperature (warmer in winter

8

To allow ‘attention restoration’ and perhaps for

and cooler in summer), reduce energy demand and improve

students to get involved with growing vegetables or

sound-proofing.

flowers. At least it should be accessible for all to work,

www.koruarchitects.co.uk
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9

Provide open communal spaces

Two bonus ideas:

To allow students and staff of different departments
places to collaborate on projects, share ideas or
socialise.

13

Get students involved in the process
To improve engagement and student’s feelings of
agency. Ask for their opinions while the project is still in

10

Also provide cosy secluded spaces

the design phase, rather than merely asking them to

To allow individuals places of retreat to focus on private

evaluate once the change is complete.

study or relax alone

11

12

Furnish with flexible light-weight chairs and tables

14

Use environmentally friendly features as a learning
tool

To be moved around to create different class

To help students engage with abstract issues of

arrangements (e.g. lecture style, cafe style, horseshoe

sustainability and climate change by making them more

style…), allowing teaching staff more creativity and

personal and concrete. Utilise features such as gardens

students more diverse learning styles

or insulation in teaching.

Experiment with colour
Try polling students on what wall colours they would like
and go with it if there is a clear winner. However if the
students’ opinions are strong and very diverse it can be
better stick with a neutral colour

www.koruarchitects.co.uk
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5.2 New Buildings Only

15

Place large areas of glazing on south* side
To bring warmth and natural full-spectrum light into
classrooms/lecture halls and other working spaces while
reducing energy demand. Make use of passive solar gain

“We are still in the embryonic stages of
exploring design concepts that will ultimately
shape the campuses of the future. While there
are no real experts yet, many dedicated

by placing large areas of (double) glazing on the south* side

people are exploring ways to continually

of the building.

improve teaching and learning, assisted by
talented and creative architects and planners

16

Place teaching spaces & oﬃces on the south* side

in the design of spaces that support their

Situate classrooms/lecture halls, communal work spaces

visions”.

and offices on the south side with large windows, while
placing hallways, storage and bathrooms on the cooler and
darker opposite side.

17

Situate staﬀ oﬃces close to learning spaces
To encourage student-teacher interaction and stronger
student engagement.

- William Dittoe, Learning Spaces13.

www.koruarchitects.co.uk
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6. Final Thoughts

We hope this report has shown you the importance of the the built environment and inspired you to think of the possibilities of
green and learner-centred design.
As well as being proven to better facilitate learning and boost wellbeing, many of our design recommendations will also save you
money in the long run, and will also reduce your institution’s carbon emissions.

Finally, let’s look again at the words of education theorists Brown and Long in Learning Spaces13:

“With the right approach, the
entire campus can become a
learning space’’.
- Malcomb Brown & Philip Long,
Learning Spaces13

www.koruarchitects.co.uk
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7. About Us

To learn more about our work, ask us a question or book

If you’re interested in refurbishing, remodelling or adding a

a consultation, you can check our website, give us a call

new building to your campus, we’d love to talk to you.

or drop us an email. We’re also on social media.

Koru Architects is an award-winning architectural practice
specialising in green design, with over 30 years of

www.koruarchitects.co.uk

professional experience. We create inspirational

01273 204 065

contemporary spaces that are low-energy and make creative

info@koruarchitects.co.uk

use of light, space and natural materials.

Follow us…

Based in Hove, we work throughout East and West Sussex,
Surrey and parts of Kent. For those based in the Brighton
area, we offer our initial half-hour consultation free of charge.
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