Environment, Development and Sustainability (2025) 27:20417-20431
https://doi.org/10.1007/s10668-021-01903-1

S.l.: TRANSFORMATIVE LEARNING FOR URBAN SUSTAINABILITY

®

Check for
updates

Bracing Biophilia: When biophilic design promotes pupil’s
attentional performance, perceived restorativeness
and affiliation with Nature

Giuseppe Barbiero'® - Rita Berto' - Alice Venturella’ - Nicola Maculan'

Received: 27 April 2021 / Accepted: 11 October 2021 / Published online: 15 November 2021
© The Author(s) 2021

Abstract

Biophilic design is an architectural model that offers the possibility to create the Nature-
based Innovative Learning Environment (ILE), which might support cognitive processes
and stimulate affiliation with Nature. Bracing Biophilia is an exploratory research pro-
gramme which verifies the effect of Nature-based ILEs on pupils’ attentional performance
and affiliation with Nature. We compared a conventional learning environment with two
Nature-based environments made according to biophilic design and the Biophilic Quality
Index (BQI). The experimental observations spanned three school years; they were carried
out within a conventional learning environment in the first year and in a biophilic designed
one in the next two. Measurements, that is the administration of the Perceived Restorative-
ness Scale-children, the Continuous Performance test, and the Connectedness to Nature
Scale-children, were deployed at regular intervals at three different times (autumn, winter,
spring) of each school year. Results show that learning environments with biophilic design,
in addition to being preferred and perceived as more restorative, are more effective in sup-
porting pupils’ attentional performance than conventional learning environments and, over
time, strengthen the feeling of affiliation with Nature. A BQI certified biophilic design
learning environment turns out to be the best of all indoor environments and just below
the outdoor learning environment used as a comparison of biophilic design indoor envi-
ronment. Although the objective limitation of this study is the number of pupils, the trend
appears clear and cannot be attributed to pupils’ cognitive maturation processes. This case
study allows us to appreciate the importance of the restorative learning environments with
biophilic design capable of supporting the learning process and strengthening the affilia-
tion with Nature.

Keywords Affiliation with nature - Attentional performance - Biophilic design - Biophilic
Quality Index (BQI) - Innovative Learning Environment (ILE) - Restorative environments

In this paper, “Nature” is written with the capital “N” to indicate the biosphere and the abiotic matrices
(soil, air, and water) where it flourishes, and to avoid confusion with “nature” as the intrinsic quality of
a certain creature and/or phenomenon.
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1 Introduction

Educational theorists and practitioners have always recognized the importance of phys-
ical space in an early learning environment, they argue that a child’s environment is
crucial to the physical and cognitive development and that educational environments
should be rich in stimuli, providing opportunity for exploration and testing (Moore,
1987). The physical environment should facilitate a child’s sense of competence, i.e.
the capacity to explore the physical world with independence, creating opportunities for
learning and play (Maxwell, 2007). To this end, school design has focussed on the three
specific dimensions believed to be the most influential in early learning: (1) space fos-
tering exploration, independence and the development of child’s sense of self and will-
ingness to play, (2) spatial quality (through colour, light, materials, etc.) and (3) integra-
tion of the outdoor and the indoor environment (Moore & Sugiyama, 2007). However,
school environments should not only provide a balance between individual capabilities
and environmental challenge, but also giving the child the opportunity to avoid mental
fatigue to sustain learning (Kuo et al., 2018). Ideally, this kind of school environment
has no environmental stressors which challenge the child subtracting resources to the
ongoing task; in addition to that, this type of environment offers non-competitive stim-
uli that is stimuli that positively engage attention without distracting the child too much
and keeps an eye on Nature directly or indirectly (Kuo et al., 2019). To accomplish this
aim, school environments should be designed according to the principles of attention
restoration theory (ART; Kaplan, 1995), which suggests how attentional capacity can be
restored through exposure to Nature (Adams & Savahl, 2017; Berto et al., 2015; Dad-
vand et al., 2015). Therefore, when attentional fatigue concerns primary school children
restoration should go through a biophilic designed learning environment (Hartig et al.,
2008).

The biophilic design is an architectural design model based on the biophilia hypothesis
(Kellert & Wilson, 1993; Wilson, 1984). According to Edward O. Wilson, biophilia is the
innate human tendency to be fascinated by Nature and, in some circumstances, to become
emotionally affiliated with it (Wilson, 2002). Moving from this definition of biophilia, Ste-
phen Kellert defines biophilic design as the deliberate attempt to design environments con-
sistent with our tendency to become affiliated with natural systems and processes (Kellert,
2008). Biophilic design is organised into patterns (Browning et al., 2014; Kellert, 2018)
characterised by an evolutionary source (Barbiero & Berto, 2021; Bolten & Barbiero,
2020) which has proven effective under experimental conditions (Berto et al., 2020). The
biophilic design has also been implemented in advanced building certification protocols,
such as Living Building Challenge® and WELL® (Sturgeon, 2017).

The biophilic design offers the possibility to create new and innovative Nature-based
learning environments. Innovative Learning Environment (ILE) is considered a key ele-
ment in the development of a society and has become part of the agenda of the Organi-
sation for Economic Co-operation and Development (OECD, 2013, 2015), which sug-
gests intervening on learning ecosystems to improve students’ performance (OECD,
2017). A “learning ecosystem” is when the architectural project meets the educational
project in an interactive process, namely a project that includes the activity and the out-
comes of the learning in relation to environment (Barbiero, 2009; Camino et al., 2009).
However, the analysis of the existing relationships between psychophysical wellbeing,
school performance, and Nature-based learning environment is a relatively new topic,
not yet well investigated.
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In this paper, we present Bracing Biophilia, a research programme devoted to study
Nature-based learning environments able to support pupils’ cognitive processes and stimu-
late their biophilia. The experimental observations took place in a rural school located on
the western Alps near Monte Rosa, which serves the local community of Gressoney-La-
Trinité (Italy). The school was chosen because it is immersed in a well-preserved natu-
ral environment, and it allows also carrying out educational activities in a natural outdoor
environment. With Bracing Biophilia, we compared a conventional learning space with two
Nature-based learning environments made according to biophilic design. The experimental
observations of the Bracing Biophilia project spanned three school years. This allowed us
to compare the effect of different learning environments on the attention restoration pro-
cess, after the state of mental fatigue produced by a lesson. Attention is a key factor for
predicting school performance (Kuo et al., 2018; OECD, 2017); our attempt is to verify if
school environments created with biophilic design and the Biophilic Quality Index (BQI,
Berto & Barbiero, 2017b) offers an advantage from the attentional point of view.

Bracing Biophilia is the ideal continuation of the Standard of Etroubles, a series of
experimental observations conducted in Nature on a group of pupils from a urban school
(Barbiero & Berto, 2016). The Standard of Etroubles had shown that (1) children can per-
ceive the restorative value of different environments, and that (2) an alpine forest triggers
involuntary attention in children and restores their attentional performance more than the
classroom and the school courtyard (Berto et al., 2015). However, the Standard of Etrou-
bles did not detect significant changes in the children’s affiliation with Nature. The most
likely explanation is that the occasional outdoor activities carried out in a urban school
may not be enough to change the feeling of affiliation with Nature. Bracing Biophilia
exceeds the limits of the Standard of Etroubles insofar as the pupils’ sporadic contact with
Nature. The pupils of Gressoney-La-Trinité, participating in this study, lived every day in
a well-preserved natural environment. However, pupils spent many hours of the day in a
conventional indoor learning environment. Bracing Biophilia is an educational programme
combining an outdoor learning environment and an innovative biophilic designed indoor
environment, so as to stimulate biophilia and promote psychophysical restoration (Ven-
turella & Barbiero, 2021). Since the biophilic design aims to foster permanent contact with
Nature (Kellert, 2018), we sought to verify whether continuous biophilic stimulation for
a long enough time would change the pupils’ feelings of affiliation with Nature. To our
notice, Bracing Biophilia is the first longitudinal study that follows the evolution of a group
of primary school pupils’ affiliation with Nature, one that was offered a Nature-based
learning environments. If the biophilia hypothesis proposed by E.O. Wilson (2002) is cor-
rect, then living in environments that will stimulate biophilia should improve the capacity
to recover from mental fatigue (Berto, 2005; Kaplan, 1995) and, as a result, school perfor-
mance should also improve (Kuo et al., 2018).

2 The case study: Materials and method

2.1 Subjects

The experimental observations involved the 18-20 pupils, aged from 6 to 11 years, of the
Gressoney-La-Trinité primary school. Before starting the study, the pupils’ parents were

given detailed information on all the instruments of investigation that would be used, and
on all phases of the experimental observations. The parents gave their written consent,

@ Springer



20420 G. Barbiero et al.

compliant with the new EU regulations, and the entire research project was approved by
the Research Ethics Committee of the University of Valle d’Aosta.

2.2 Experimental settings
2.2.1 The outdoor learning environment

The primary school of Gressoney-la-Trinité is a rural mountain school built in 1960 which
serves a local community of about 300 people. Gressoney-La-Trinité is a mountain village
(1635 m a.s.l.) located in the upper Lys valley on the side of the Monte Rosa Italian Alps.
Gressoney-La-Trinité has a typically alpine landscape with meadows and woods, mainly
conifers (Abies alba, Picea abies, Pinus, Larix decidua) and deciduous mountain trees
(Betula, Fagus sylvatica, Ulmus glabra). This learning environment, shown in Fig. 1, was
used for the experimental outdoor observations.

2.2.2 The conventional classroom

As Fig. 2 shows, the school object of the study consists of three classrooms: A large class-
room, a small classroom and a multipurpose classroom used mainly as a canteen. Until the
summer 2017, the school maintained its original layout, with the three classrooms offering
together a conventional learning environment as shown in Fig. 3.

2.2.3 The biophilic designed classroom

During the 2017 summer vacation, the building requalification works were carried out on
the school’s indoor spaces to transform this conventional learning environment into a bio-
philic designed learning environment (Barbiero et al., 2017). This concerned three areas of
the school that is the large classroom, the small classroom, and multipurpose classroom, to
which were applied all 14 biophilic design patterns (Browning et al., 2014), distributed as
shown in Table 1.

Fig. 1 Gressoney-La-Trinité school surroundings
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Fig.2 Gressoney-La-Trinité primary school plan

Fig.3 The classrooms before the building requalification. The large classroom (a) and the small classroom

(b)

To foster restoration from mental fatigue e nurture biophilia, pupils were offered a
stimulating environment enriched with diversified elements and materials. The new
materials allow the pupil to work around his/her emotions because the colour, light,
materials, texture, and smell are related to new experiences and feelings, while the new
layout offers the pupil opportunities to have a break from the “usual”, taking a different
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Table 1 The presence (indicated by a dot) of the 14 biophilic design patterns in the three classrooms after
the building requalification works

Patterns of Biophilic Design Large Small Multipurpose

1 Visual connection with nature (0] (0] (6]
2 Non-visual connection with nature (6] (0] (0]
3 Non-rhythmic sensory stimuli (0]
4 Thermal and airflow variability (6] (0] (6]
5 Presence of Water (6]
6 Dynamic and diffuse light 0} O O
7 Connections with natural systems (0] (6]
8 Biomorphic forms and patterns (@) (0]

9 Material connection with nature (0] (0] (6]
10 Complexity and order (0] (6] (6]
11 Prospect (0] (6]

12 Refuge (6] (6]

13 Mystery (6] O
14 Risk and peril (6]

perspective, creating free play or acting new activities. For example, the visual con-
nection with Nature (pattern 1) was improved with curtains that protect from the sun-
light but, at the same time allow you to see and maintain your contact with the outdoor
environment, as in Fig. 4b. Special attention was paid to diffused and dynamic lighting
(pattern 6), as shown in Fig. 4, and to temperature variability and air flow (pattern 4)
which are controlled by a mechanical ventilation system. In the large classroom, a ref-
uge corner was created (pattern 12), namely a space where pupils can retreat, alone or
in a small group, to ease mental fatigue. This corner shown in Fig. 4b offers whether a
sense of protection or the opportunity of being away for a while from the school rou-
tine. Figure 5 shows the small classroom, with details of the prospect corner (pattern
11, Fig. 5b). Thanks to the steps, the pupil can look at the usual environment from

Fig.4 Dynamic light and sense of protection
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Fig.5 Creation of exploration spaces. Brown cork decoration panels with stabilised lichen inserted for tac-
tile and olfactory exploration

a different perspective, because s/he can stand or sit at a different level as shown in
Fig. 5a. The connection with natural systems (pattern 7) is guaranteed by the presence
of plants, as shown in Figs. 4 and 5. To strengthen the connection with natural systems,
plants were chosen by pupils, after a visit to the Vivaio Regionale della Valle d’Aosta
(local plant nursery) and the pupils themselves took good care of the plants in the class-
room (Venturella & Barbiero, 2021). The use of brown cork decoration panels (pat-
tern 8) and natural material like the stabilised lichen (pattern 9), presented in Fig. 5b,
offers the opportunity for tactile and olfactory exploration (pattern 2) and for fascinating
exploration (pattern 13).

2.2.4 The BQI certified biophilic designed classroom

In the requalification of the multipurpose classroom, we have also used the BQI certified
biophilic design (Berto & Barbiero, 2017b). The BQI is inspired by the ART principles
(Kaplan, 1995) and allows assessing the biophilic quality of an environment and its restora-
tive value. The ART is based on the empirical observations that exposure to vegetation
in general fosters psychological wellbeing and produces recovery from directed attention
fatigue (Kaplan, 2001). Some elements in natural environments are effortlessly engaging
and draw on “fascination”, namely involuntary attention. Natural patterns are interesting
to us, namely fascinating, and do not seem to require attention at all (Berto et al., 2008).
The engagement of involuntary attention, when attending to natural settings, guarantees
that directed attention can be restored from fatigue. The opportunity for attention restora-
tion makes an environment “restorative” (Berto, 2005). A biophilic environment provides
opportunities for attention restoration that is the environment has not to subtract cognitive
resources to cope with environmental stressors, to the ongoing task. The BQI allows us
to optimise the restorative aspect of biophilic design. Thus, the multipurpose classroom,
presented in Fig. 6, was redesigned following the principles of the BQI certified biophilic
design to achieve an indoor school environment prototype as close as possible to the restor-
ative properties of natural outdoor environments (Berto, 2014).
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Fig.6 Details of the multipurpose classroom after the requalification. This classroom was redesigned to
meet the restorative criterion of the BQI (Berto & Barbiero, 2017b)

2.3 Measurements
2.3.1 Perceived Restorativeness and Preference

To evaluate pupils’ perception of restoration attending different school environments,
we used the Perceived Restorativeness Scale-children (PRS-ch; Berto et al., 2015). The
PRS-ch is based on the ART (Kaplan, 1995) and the adult version of the PRS (Hartig
et al., 1997) and was specially built for school-age pupils. The scale is made up of 18
items, of which 17 measure the perception of four restorative factors (being-away, fasci-
nation, coherence, scope) and one measures environmental preference, because there is
a direct relationship between perceived restoration and environmental preference (Pur-
cell, Peron and Berto, 2001; Hernandez et al., 2001). Each item is rated on a 5-point
scale where 0=completely disagree and 4 =completely agree. The restorative value of
a place is given by the average of the scores on the 17 items, the item which measures
preference is calculated separately. The PRS-ch measures the pupils’ perception of an
environment’s restorative qualities and how much they like that environment.

2.3.2 Attentional performance

Perceived restorativeness is normally correlated with improved attentional ability. A
restorative environment promotes the activation of involuntary attention, which allows
attentional performance to rest and restore (Berto, 2005). The Italian version of the Con-
tinuous Performance Test (CPT; Cornoldi et al., 1996) was used to measure the pupils’
attentional performance. The CPT is a pencil and paper test which consists of searching
for triplets of letters along a string; the test is divided into three subtests, which differ by
how the letters are ordered, their size and the spaces between them. The test is a valid
tool for measuring attentional performance and inhibition of distracting capacity in chil-
dren. Although this test is not sensitive to the learning effect (Barbiero et al., 2014; Cor-
noldi et al., 1996), a different version with new letter strings was used each time. The
CPT measures four variables: number of correct answers, number of errors, number of
omissions, and test execution time (in sec).
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2.3.3 Affiliation with Nature

To assess the feeling of affiliation with Nature, we used the Connectedness to Nature
Scale-children (CNS-ch; Berto et al., 2015), based on the scale of Mayer et al. (2004) and
adapted to primary school children, which allows us to evaluate the extent to which a child
feels part of the natural world, making it a reliable measurement of the construct “affilia-
tion with Nature” of the biophilia hypothesis (Wilson, 2002). The CNS-ch consists of 7
items rated on a 5-point scale, where 1 =never and 5 =always. The average score of the 7
items establishes the measure of the pupil’s personal relationship with Nature.

2.4 Procedure: The longitudinal study

The experimental observation period extended for three years (2016-2019). In the first
school year (2016-2017), the experimental observations were conducted in the school
before the building requalification, in a conventional learning environment as shown in
Fig. 3. In the following two school years (2017-2018 and 2018-2019), the experimental
observations were conducted in the school after the building requalification where the large
and small classrooms had taken on a biophilic design configuration, as Fig. 4 and Fig. 5
show, and the multipurpose classroom the BQI certified biophilic design configuration,
as Fig. 6 shows. Measurements were deployed at regular intervals at three different times
(autumn, winter, spring) of each school year, whilst keeping constant the place and time of
day, but randomising the lesson type, the presentation order of the instruments and, where
necessary, instrument versions.

In every setting condition, the pupils have had a 50-min lesson. At the end of the lesson,
the pupils would take a 5-min break right in the same classroom, after which they would
resume didactic activities with a second lesson; the instruments would be deployed 20 min
after the start of the lesson. To determine the existence of differences between the indoor
learning environment with biophilic design and the outdoor learning environment, shown
in Fig. 1, from which the biophilic design takes its inspiration, the same procedure was also
carried out outdoor. Below the results of pupils’ average performance are shown in the four
conditions: conventional classroom, biophilic designed classroom, BQI certified biophilic
designed classroom, and outdoors.

3 Results

The biophilic designed classrooms and the BQI certified biophilic designed classroom are
both preferred to and perceived as more restorative than the conventional classroom. Fig-
ure 7 shows that the BQI certified biophilic designed classroom gets the highest scores for
both variables and is the closest to the preference and restorative perception manifested
about the natural outdoor learning environment.

As far as the continuous performance test is concerned, each experimental condi-
tion confirms the inverse relation between the number of correct answers and reaction
time (Barbiero et al., 2014; Berto, 2005; Berto et al., 2015), which is why we only pre-
sent the trend of correct responses, shown in Fig. 8, and test execution times shown in
Fig. 9, in the different learning environments. When the CPT test is administered in a
conventional learning environment, the pupils appear slower and less precise. Pupils’
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performance improves when the test is taken in a biophilic designed learning environ-
ment, and even more so in the BQI certified environment, where execution time and
number of correct responses are close to those of the outdoor learning environment.
From 2016 to 2019, the CNS-ch was administered at three different times for each
school year: in autumn, winter and spring, as Fig. 10 shows. Starting in the spring of
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2018, that is, from the second part of the first school year after the requalification of the
indoor environments with biophilic design, the pupils’ connection to Nature increased
gradually and settled on above-average values for the whole of the next year.

4 Discussion

Bracing Biophilia is a broad project that aims to verify the effect of Nature-based vs con-
ventional learning environments on pupils’ attentional performance and affiliation with
Nature. In particular, in this research study, a conventional learning environment was com-
pared to the biophilic designed, the biophilic designed BQI certified, and the outdoor learning
environment.

The results we gathered all go in the same direction: the pupils’ perception of restoration
follows the same trend as the environmental preference and attention test performance. Pupils
prefer outdoor learning environment, and among the indoor environments, pupils prefer the
Nature-based learning environments. Basically, results all keep improving as they move on
from a conventional learning environment to a learning environment with a biophilic design
more and more focussed on Nature. In fact, the learning environment with biophilic design
when further improved by adopting the restorative criteria of the BQI shows results closer to
the outdoor learning environment, which is the very best for learning.

We observed that continuous and direct exposure to Nature for quite a long time has slowly
changed the pupils’ feelings of affiliation with Nature. Continuous contact with Nature seems
necessary, especially when pupils are confined to indoor learning environments. Biophilic
design can reduce the gap between indoor and outdoor natural environments.

The improvements shown by pupils in perception of restoration, in attention test perfor-
mances and in affiliation with Nature cannot be attributed to cognitive maturation processes,
actually the pupils’ average age remained constant over the three years.

The most evident limitation of this study is that a very small number of pupils was
observed, which does not allow to develop statistical analyses, but only to record trends. This
is due to the structural limitations of a rural high mountain school that serves a small commu-
nity with low population density. In any case, this study allowed us to compare indoor learning
environments against a well-preserved natural outdoor learning environment; this compari-
son would have been impossible in overcrowded urban areas where the natural environment
is poorly preserved or even absent. Having a high-quality outdoor learning environment as
a reference point allows us to establish a “hierarchy” among indoor environments. Learning
environments with biophilic design seem superior to conventional environments for all the
parameters we considered. This case study allows us to appreciate the importance of restora-
tive learning environments with biophilic design capable of supporting the learning process
and strengthening the feeling of affiliation with Nature and sets the stage for pro-environmen-
tal behaviour in adults (Berto & Barbiero, 2017a). We hope that this pilot study can be con-
sidered as an inspiration for larger projects, regardless of the biophilic quality of the outdoor
environment.
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5 Concluding remarks

What do children need to stimulate their biophilia? First, children need to spend time
immersed in Nature. Our experimental observations reveal that teaching activities con-
ducted outdoors in a well-preserved natural area is the most effective way to foster learning
processes. This longitudinal case study suggests that the improvements shown by pupils
can be attributed to the opportunity they were offered to attend continuously environments
that stimulate biophilia. A biophilic designed learning environment provides continuity to
their need to get in contact with Nature. Therefore, biophilic designed learning environ-
ment is proposed as an Innovative Learning Environment model aimed at supporting the
cognitive processes of pupils.
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