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REVIEW ARTICLE

An analytical perspective on primary school design as
architectural synthesis towards the development of needs-centred
guidelines
Ronald de Vriezea and Henri C. Mollb

aSchool for Architecture, Built Environment & Civil Engineering, Hanze University of Applied Sciences, Groningen,
The Netherlands; bCentre for Energy and Environmental Sciences Research, University of Groningen, Groningen, The
Netherlands

ABSTRACT
Primary school design is balancing between end-user needs and societal
interests, and between traditional and innovative approaches. In current
approaches, an unbalance affects end-users’ performances and obstructs
innovative school-building design. The institutional system of design
should not only be more aware of adjusting the quality design
indicators to end-users, but they should actually do it in combination
with the increasing need for more innovation in school-building designs.
Present guidelines emphasize objective rational societal and traditional
interests but underestimate the subjective essences of individual end-
user needs and the abilities of intelligent school buildings to meet
important requirements for present and future learning environments.
Based on universal human needs and dynamic mechanisms
relationships, this article addresses a number of reasons that cause these
mismatches. We present a theoretical analysis to establish Needs
Centred Guidelines for primary school design as a methodological tool
to improve the balance between the societal and end-users’ needs, and
to give more insight into underlying patterns in design processes. The
guidelines are based on a variety of end-user psychological,
physiological and bio-physical needs. This article explains how this
analytic approach contributes to the attention for end-user physical
learning environment needs and to innovate school design.
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Introduction

Primary school design is balancing between end-user needs and societal interests, and between tra-
ditional and innovative approaches. Although every end-user has his own physical learning environ-
mental preferences, due to different age, gender and personal characteristics, current toolkits and
guidelines are mainly focused on one-size-fits-all group processes. For example, the Dutch foun-
dation RuimteOK recently established a broad consensus-based work document ‘Het Kind Centraal’
[the child positioned in the centre], meant for school management boards (RuimteOK 2014). It pre-
scribes the design quality indicators, and it distinguishes subjective and objective design quality cri-
teria. The Scottish Government established the ‘Building Excellence’ guide (2007), within which
‘exploring the implications of the curriculum for school buildings’ (TSG 2007). The British Priority
School Building Programme gives school communities, designers and contractors a standardized
baseline design as a starting point since the Building Schools for the Future programme was scrapped
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in 2010. The Learning Environments Evaluation Programme (LEEP) aims to produce instruments
and analysis that inform school leaders, researchers, policy-makers and others about how invest-
ments in learning environments, including the physical learning environment, translate into
improved education, health, social and well-being outcomes, leading to more efficient use of edu-
cation resources (OECD 2016). British Government advisor Commission for Architecture and the
Built Environment (CABE) published ‘Creating excellent primary schools – a guide for clients’
(CABE 2010a) giving detailed information about current views on primary school design. In particu-
lar the CABE toolkit ‘Our Building Matters’, meant for teachers, states the attention for subjective
issues within pupil experiences: ‘What is your favourite part of the building and why? How do
these spaces feel?’ (CABE 2010b). It is remarkable is that all guides lack an analytical holistic
approach to assess whole school environments that meets a good balance between individual
needs, group needs, management board and institutional needs, and societal needs.

End-users are not direct stakeholders and therefore often neglected. To reach an architectural
synthesis through only dialogue of direct stakeholders and experience, which is the normal means
adopted, is a shortfall for end-users’ personal learning environment (PLE) requirements. There is
currently a debate about the societal needs, for example carbon footprints, and a growing trend
towards respecting the needs and responsibilities of the individuals who occupy and use buildings
(e.g. Clements-Croome 2014a). The centred position of pupils’ personal aims, the responsibility
for acting, self-steering, autonomy and reflection, are new important ways for redesigning education
(e.g. Dam, Timmermans, and de Wit 2010). More attention for personal needs to adjust individual
learning environments is identified as a new trend (e.g. van Wetering & Desain 2013). Future scen-
arios (forecasts) and possible future scenarios (foresights) need a new point of view of innovation
and transition networks (Rademaker, van de Linde, and Hazeu 2011). By analysing the sustainability
rating no significant overall relationship to the attainment is found and that any improvements in
attainment continued only to the third year of occupation, following which it deteriorated consider-
ably (Williams et al. 2015). The present quality of guidelines gives designers much room for own
interpretation of interests, which might contribute communities’ cultural and identity values, it cer-
tainly neglects the complexity of subjective end-user needs. For example, new technology that con-
tributes sustainable buildings might conflict totally with the psychological and physiological needs.
Kerr (2013) states that buildings that do not fulfil the (ideal) brief leave occupants intellectually,
physiologically, emotionally, behaviourally and spiritually unstimulated (Kerr 2013). A shortness
of individual adjustments and controlled PLEs is also caused by insufficient attention to age and gen-
der differences (Schellen 2012). Ackerly, Baker, and Brager (2011) state, for example, how the need
for autonomous individual control and fresh air experiences conflicts with rational technological sol-
utions: ‘if windows are automated for natural ventilation, the building design loses the comfort
benefits, amenity, appeal and robustness of manually-controlled windows’ (Ackerly, Baker, and
Brager 2011). In other words, a common need for individual occupants is the ability to open a win-
dow for fresh air, for breathing colder air, or feeling just the wind blow, which has obviously not the
same consequences as the societal and institutional need for energy saving. Using heat recovery sys-
tems in thermo-neutral conditions has bio-physical consequences, such as a significant correlation
between young men with overweight (Marken Lichtenbelt et al. 2009).

A number of causes are recognized by the governmental actor analysis report (RVO 2014). In pol-
icy individual needs are also still considered to be more subjective and societal needs more objective
(Tiemeijer, Thomas, and Prast 2009). School design architect Herzberger (2008) states that the
school-building design has been approached long too uncritically (Herzberger 2008). Current tra-
ditional school design establishment ignores the call for integrated school-building design, it lacks
(the understanding of) an educational vision, and fails to translate it into material spaces (Mumovic
2015). Besides the need for sustainability, healthy, technologically aware, intelligent buildings should
meet the needs of occupants, and should be flexible and adaptable to deal with change (Clements-
Croome 2014b). The governmental decentralization should stimulate growth and educational free-
dom of local authorities, but a growing unbalance of ‘trust and control’, within an increasing
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emphasis on legislation-controlled policy, has been identified: ‘they want education to be strong,
secure and predictable, and want it to be risk-free at all levels’ (Biesta 2014). The problem of lacking
end-user individual needs, have not been addressed for a long time by assimilation various sub-dis-
ciplines, but instead, still by the run to the hard technique of construction for those problems where
soft techniques are needed (Bax 1977). School design always had a societal position and no other
building architecture has ever exposed its architectural design to society (Herzberger 2008).

Architects should converse more with pupils to know their thoughts about their ideal school
design (e.g. Haren and Willemstein 2015). Despite the use of the different consensus-based insti-
tutional guides for briefs, it is not expected that they guarantee a stable balance of societal, insti-
tutional and end-user interests for physical environmental learning environments. The subjective
and objective quality design indicators should be balanced better especially by considering the
core psychological human needs such as recognized many times before. For example, Gee (in Oblin-
ger 2006) considered, within their described human-centred-design guidelines, the universal human
needs and learning principles to be the first priority (in Oblinger 2006). Bluyssen (2009) states: ‘It is
very important to know the needs of occupants of certain indoor environments in order to be able to
set the performance criteria of such an environment’ (Bluyssen 2009). Oseland (2009) describes the
value of the impact of psychological needs on office design by summarizing the main psychological
theories (personality and motivation theories, environmental and evolution psychology) that have
implications for the design and management of successful workplaces (Oseland 2009). Topics
such as the integration of human needs in the design of primary schools are recognized as a main
issue of affecting pupils’ learning performances (Mumovic 2015). The use of interactive devices
already can increase the indoor quality control of ventilation, thermal comfort, natural light,
noise and privacy (Raymond and Bornik 2009).

The aim of the research was to achieve an architectural synthesis from a theoretical approach,
in particularly focused on primary school building end-users. The main reasons for this research is
the need for a holistic approach to assess whole school environments, and an architectural syn-
thesis by means of a dialogue does not guarantee a sufficient client brief. We assume that
human needs based underlying pattern relationships should become the anchor for intelligent
buildings to facilitate the occupants optimally and to stimulate school-building innovations. The
continuums of societal and end-user (and individual) relationships with physical learning environ-
ments, and within it the social and physical interactions, are considered from a multi-level scaled
perspective of different interests. This approach delivers a recipe to achieve a theoretical balance of
the multi-level scaled requirements based on a full assessment of six mutual and hierarchical
human needs, their relationship with six defined physical learning environmental shells, and
seven principle-based characteristics. Two illustrative examples are elaborated to consider the
value of the theoretical approach, and show how quality design indicators for end-users and indi-
viduals can be established in relationship with their learning environmental shell and underlying
involved characteristics. These elaborated examples relate the theoretical approach to educational
perspectives using teacher interviews. The developed model of Needs-Centred Guidelines (NCGs)
for primary schools is tested for practical application for primary school design by the Gaudí’s
Parish Schools of Sagrada Familia.

Method

In the continuum of societal and end-user interests, such as institutional associations for education,
local governments and communities, school management boards, and end-users, such as board
members, teachers, pedagogues, parents and pupils. These pupils also can be distinguished by
high screen pupils, and low screen pupils with specific disabilities, impairments or special personal
characteristics, which state together a mixture of interwoven subjective and objective interests. This
dynamic mechanism involves a dynamic continuum of substitutional and interacting factors to fulfil
emotionally the needs individually, by social and physical (psychological, physiological and
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biophysical) interactions. For example, when pupils are totally intrigued by what the teacher edu-
cates, the environment might not be so important at all. When the pupils are doing concentrated
work the learning environment should support this as much as possible. This necessitates a systems
thinking approach to distinguish comprehensively the individual different characteristics and under-
lying patterns. For example, end-users’ psychological, physiological and bio-physical differences
should be understood by their underlying needs relationship. Therefore a distinction is made by
the two extremes of the continuum between society and end-users, and subsequently between indi-
viduals themselves. A focus on these continuums of stakeholders’ interests concerns a search for
more balance between societal and end-user interests, and between end-users and individual inter-
ests. Specific interests between these extremes, such as institutional interests, are considered to be
also societal. A first considered continuum to balance is made by the social interaction between
societal versus end-user needs, which supports a heteronomous approach of the learning environ-
ment. A second considered continuum to balance is made by the social interaction between the
end-users and individual needs, which demands an autonomous control of the learning environ-
ment. A third considered continuum contains the interaction between end-user group interests
and the physical learning environment. A common used pattern considering the pupils and their
learning environment as ‘one-size-fits-all’, influenced by societal (heteronomous based) interactions,
which adheres a heterogeneous control of the learning environment. A fourth considered continuum
contains the physical learning environmental interaction between end-user needs and the physical
learning environment, influenced by individual autonomous needs, which adheres a personal control
of the learning environment. Individuals cope individually with their learning environment which
supports the idea for seeking the sum of the personal optimal activation levels and control of the
PLEs (see Figure 1).

These four continuums consider two social and two physical environmental relationships con-
taining the next interaction relationships:

1. Social relationship between end-users and societal stakeholders;
2. Social relationship between end-users and individuals;
3. Physical relationship between end-users and the learning environmental shells, influenced by

societal needs;
4. Physical relationship between end-users and the learning environmental shells, influenced by

individual needs.

Figure 1. Four continuums of social and physical relationships.
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The four end-user related continuums have been considered socially and physically by multi-level
approached extremes of societal [1] and individual [2] end-user interactions, by the heteronomously
and autonomously related physical learning environment. Vischer (2008) distinguishes user-centred
theories of the built environment from an environmental determinism approach, such as ‘what
causes users’ behaviour?’, and from a social constructivism approach, such as ‘what determines
human behaviour?’ (Vischer 2008). Vischer (2008): ‘what is clear, however, is that in spite of the
unrealistic positions of each of these multi-level approached extremes, any user-centred theory of
the built environment is likely to be located somewhere along the continuum between them’ (Vischer
2008). Vischer (2008) also states:

human behaviour is influenced by the built environment in which it occurs but it is not determined by it; and it
is clear that in a given situation, building users’ behaviour is influenced not just by the space they occupy but by
their feelings, intentions, attitudes and expectations as well as by the social context in which they are participat-
ing. (Vischer 2008)

In general, physical learning environment and end-user interactions are approached in school
design processes heterogeneously. Mainly societal actors use heteronomous approaches as ‘one-
size-fits-all’ [3], such as the generic control of the room temperatures. Individual interests are rep-
resented by children personal needs, as well as teachers or other pedagogues [4], and shows the
differences between age, gender and personal characteristics.

The theoretic analysis of societal and end-user needs, and individual needs, to bring more balance
within this continuums within which multi-level scaled perspectives of societal, institutional, end-
user and individual interests can be considerate separately. To establish new guidelines as NCGs
for primary schools, a recipe is presented that involves a heterogeneous relationship and a personal
relationship that both distinguishes end-users’ relationships with the physical environment by con-
sidering multi-level scaled, six mutual-related human needs, six physical learning shells and seven
characteristics. The used method accumulates heterogeneous group needs and personal human
needs characteristics, to establish a number of coherent principles by the human needs based quali-
tative and quantitative principles of [1] physical environment influence relationship; [2] psychologi-
cal, physiological and bio-physical relationships; [3] dynamic balances relationship and [4] paradox
relationship. A step-plan method has been applied which uses three steps to distinct the societal
needs, the generic end-user needs and the personal needs, by [1] separating the end-user needs
from the societal needs [continuum 1]; [2] separating the individual needs from the heterogeneous
group of end-user needs [continuum 2]; [3] using the principles within the focus on four generic
characteristics in a heteronomous-heterogeneous perspective [continuum 3] and [4] using the prin-
ciples within a focus on three personal characteristics in an autonomous-personal perspective [con-
tinuum 4].

The human needs based qualitative and quantitative principles

1. The human needs and their physical environment influence relationship
A hexagonal model of universal human needs, based on different human needs theories, illustrates
this, presented by De Vrieze and Moll (2015). De Vrieze and Moll (2015) elaborated a needs-centred
framework inspired by a positive psychological approach of coaching systems (e.g. NLP, NAC)
which led to a new paradigm to solve the process related physical problems in primary school-build-
ing design, such as indoor climate quality problems, by analysing underlying behavioural-related
patterns. The offered model includes six core needs, which are related to the immaterial and physical
material school design environment experiences to explain the origin of current school design pro-
blems. This principle follows the pathway of hierarchical, cumulative and mutual related pattern to
fulfil the needs alternately, inwards and outwards, and upwards and downwards. The needs are
divided by (1) certainty; (2) variety; (3) connection; (4) significance; (5) contribution and (6) growth
(see Figure 2).
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Based on the article of De Vrieze and Moll (2015) a number of human needs characteristics are
elaborated and brought into relationship with the physical environment. The hexagonal model
mechanism as illustrated in Figure 2 consists a dynamic of and mutually related pattern of six
human needs (De Vrieze & Moll 2015). This patterns, called a social fractal, seems to have a self-
similarity characteristics identifiable from individuals to all upper actor levels, for example, peer
groups, parents, teachers, institutional actors, community and societal groups. This social fractal
is related to six physical learning environmental shells, such as defined by De Vrieze & Moll
(2015) by: (1) desk; (2) classroom; (3) corridor; (4) exterior design; (5) playground and (6) neigh-
bourhood. The continuum of all actor levels create social and physical experienced interactions
with the learning environmental shells and a certain emotional impact level of satisfaction by
needs fulfilments per actor and per shell. For example, end-user physical material experiences
(e.g. surface temperature of learners-desk material) and social immaterial experiences (e.g. the tea-
cher–pupil relationship) both contribute to the fulfilment of one, or more, of the six human need(s),
within a specific physical learning environmental conditions. All these experiences together are
intervening into the continuum of societal and end-user interests, socially and physically, and relate
to a certain appreciation of the physical objective learning environments value as an (inter)subjective
experience. The dynamic mechanism of human needs is the first principle we used to generate the
guidelines.

2. The human needs and their psychological, physiological and bio-physical relationships
Within the physical environmental impacts on end-users, the influences of psychological, physio-
logical and bio-physical needs and their relationship with the needs are considered to be very impor-
tant. For example, to consider within societal and end-user multi-level scale perspective of interests
the societal strive for using new technology in education (e.g. using WIFI in school buildings) might
be a contradiction with end-users bio-physical needs.

Bio-physical (bodily) needs and physical environment adjustments are main issues in school
design to consider because of peoples’ unawareness long-term exposure effects, such as (1) natural
needed experiences (e.g. sunlight for vitamin D, daylight for Myopia prevention); (2) unwanted
natural experiences (e.g. fungi, polls); (3) artificial unnatural material experiences (e.g. furniture,
computers) and (4) artificial unnatural immaterial indirectly experiences (e.g. radiation, toxics
and fine dust particles).

Physiological needs, such as end-user sensory reception and perception, interrelate with natural
bio-physical needs (e.g. sunlight radiation). Pupils’ performance is influenced by a brought range of
physiological needs, such as acoustics, aesthetics, colours, lighting and thermal environment prefer-
ences, and it will affect their performances in terms of behaviour, health and well-being. The

Figure 2. Hexagonal model of outward-directed and inward-directed human needs (see De Vrieze & Moll 2015).
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relationships between individuals and their environments are crucial in determining how they feel,
perform and interact with others (Cooper, 2015). Sensory stimuli are very relevant for hedonic
experiences as well as for a sustained well-being or enriched enforcement (Frijda 1986). Individuals
differ by (or by combinations of) visual, auditory or kinaesthetic experiences preferences (e.g. Rittel-
meyer 1994).

Psychological needs are interrelated to the bio-physical and physiological needs. For example,
Oseland (2009) suggests that some guidelines (the case is offices) should be evolutionary psychology
based to meet basic psychological needs such as comfort, safety, security and sense of belongingness
(Oseland 2009). Oseland (2009) states: ‘person’s psychological processes are probably more adapted
to living on the African savannah than they are to working in offices’ (Oseland 2009). Oseland and
Hodgeman (2015) state that 25% of the impact of noise on dissatisfaction is physical related, but
more than 50% is psychological (Oseland and Hodgeman 2015). A variety of theoretical approaches
describe this continuum relationships of psychological, physiological and bio-physical interactions
(e.g. Evans and McCoy 1998; Korpershoek 2011; Altomonte, Rutherford, and Wilson 2014).
Evans and McCoy (1998) suggest that certain attributes are especially important to healthcare set-
tings, such as stimulation, coherence, affordances, control and restorative qualities (Evans and
McCoy 1998). Evans and McCoy (1998) pointed out that also privacy, complexity, exploration,
place identity legibility and safety contribute to an integrated approach of psychological, physiologi-
cal and bio-physical determinants (Evans and McCoy 1998). Korpershoek (2011) used three theor-
etical pillars bearing the premise that there is an interaction between the physical room and the
psychological, physiological and bio-physical health of the people inside. At a personal level, actions
can be behavioural (e.g. adjustments), physiological (e.g. acclimatization) and psychological (e.g.
habituation) (Altomonte, Rutherford, and Wilson 2014). Barrett, Barrett, and Zhang (2015b) state
that it is necessary to think beyond just comfort and to include the impacts of spaces on health,
well-being and productivity together, all within the challenging context of energy constraints’ (Bar-
rett, Barrett, and Zhang 2015b). This variety of theoretical approaches describe thus a continuum of
psychological (e.g. cognitive), physiological (e.g. sensory) and biophysical (e.g. bodily), relationships
(see Figure 3): These examples state how human needs and psychological, physiological and bio-
physical domains are hierarchically related. The interrelated fulfilment of human needs by psycho-
logical, physiological and bio-physical satisfaction is used as a second principle.

3. The human needs and their dynamic balances relationship
The dynamic pattern of human needs (principle 1) and the biophysical, physiological and psycho-
logical-related domains (principle 2) are interrelated connected, as a dynamic mechanism of needs
satisfaction, socially and physically. The need for certainty is more profound than the need for var-
iety, referring to the children development psychology, but these needs are also collaborating
together. This pair of needs, certainty and variety, are in hierarchical perspective more core posi-
tioned, than the upper-related needs for social connection and significance (see Figure 4). These lat-
ter two needs are subsequently more centre-pointed than the upper needs for contribution and
growth. Besides this development-related dependency of children’s emphasis for lowest needs for
certainty and variety, a certain force between all these needs might be seen an inwards directed

Figure 3. The related domains of bodily, sensory and cognitive satisfaction.
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which keeps these needs together, and a certain force might be considered as being more outwards
directed. The relationship of the qualitative needs is considered to be a ‘law of nature’ within quan-
titative influences. The potential of this analytical perspective to reach an architectural synthesis by
using an underlying ‘code’ might impact current approaches of school-building design according to
Mock and Wernke (2011) when they state, that we now know that the physical, biological, social and
even the economic universe is not random, and that we are beginning to determine just what that
underlying ‘code’ is (Mock and Wernke (2011). Reading (1994) stated, for example, that a rule of
nature is minimalize the energy as dynamic behaviour characteristic of the Golden Mean (Reading
1994). When there are certain natural ratios of development stages related to differences needs, such
as known from children development psychology, these fractal pattern of human needs ratios might
state that the third principle of the dynamic balance of needs can be formulated quantitatively such
as by the golden ratio. The golden ratio is used as a ‘fictive’ approach, which cannot be validated as a
method to calculate analytically the impacts, but it can illustrate the different values of needs. The
‘golden ratio’ Fibonacci sequence values [55/34 = ca. 1.6] determined by the surface areas numbers
{55 + 34 + 21 + 13 + 8 + 5} relates to the percentages {40 + 25 + 15 + 10 + 6 + 4}. The two perspectives
of societal and end-users are illustrated with some examples by their different relationship with the
physical shells. The values are included which states that the need for certainty is a factor 4, while the
need for variety is less than 3 (see Table 1).

The third principle of the dynamic balance of needs can be stated quantitatively and qualitatively
by the golden ratio and the balance of inwards and outwards directed needs.

4. The human needs and their paradox relationship
The human needs (principle 1), the three domains, (principle 2), the dynamic balances (principle 3)
collaborate together like scanning the individual experiences to gain inner balance by fulfilment of
the needs. Referring to Barrett et al. (2015a) they state that the physical part of influences is only 16%
of the variation in pupils’ learning progress and can be explained by the physical attributes of the
classrooms (Barrett et al. 2015a). The summary report ‘Çlever Classrooms’ of the Holistic Evidence
an Design (HEAD) project (Barrett et al. 2015c) is used to distinguish the needs relationship quan-
titatively. The interchangeability occurs apparently by the fulfilment of the (inter)subjective needs,
sociologically by individualization factors (e.g. flexibility, ownership, connection), physiologically
by sensory experiences (e.g. complexity, colour), and also by naturalness factors (e.g. light, air qual-
ity, temperature), which comes close to the identified factors by Barrett et al. (2015a, 2015c), but in
our analytical research the parameters are distinguished by means of identifying the underlying
‘code’. Barrett et al. (2015c) describe three levels of Naturalness, Individualisation and Stimulation,
Appropriate levels (Barrett et al. (2015c). From a human needs theoretical approach of relationship,

Figure 4. The social fractal of dynamic human needs polarity mechanism.
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we describe four paradox multi-level scaled applicable direction patterns are recognized, because of
the fractal self-similarity relationships we add social factors (Connection) as a separate group instead
of part of the personal factors (Individualisation):

1. the development factors (e.g. hedonic experiences of motivation) as stimulation appropriate
levels of upwards directed needs, such as the need for growth (e.g. intelligent building design).

2. the social factors as outward-directed needs, such as the need for social connection (e.g. identity
of a community, or school dress);

3. the personal factors (characteristics) as individualisation levels inward-directed needs, such as the
personal need for significance (e.g. special school-building design or someone’s identity);

4. the natural(ness) factors (experienced situational circumstances) as downward directed needs,
such as the need for certainty (e.g. natural materials or structure);

Support for the paradox mechanism between these four directions is also found by environmental
psychology, for example by Carr (1967). Carr (1967) describes an inwards and outward-directed
polarity of needs and the related tensions in between (Carr 1967). An up- and downwards directed
polarity is identified by Heerwagen (1998), describing four elements: (1) cognitive effectiveness;
(2) social support and (3) emotional functioning; and (4) physical function (in Oblinger 2006).
Within these four elements four polarities and paradox mutual relationships are considered:

1. the cognitive effectiveness, considered as upwards directed psychological need for growth and
contribution;

2. the social support, considered as outwards directed need for social connection (and partly cer-
tainty and contribution);

3. the emotional functioning, might be based on general fulfilment of needs emotionally impacts,
considered as inward-directed need for self-esteem, or as a need for significance (and partly var-
iety and growth);

4. the physical situational function, considered as a natural factor of a downward directed need for
certainty and variety.

Within this field of paradoxes, the design preferences also can be recognized (e.g. biophilic design
vs. hi-tech design, or societal design vs. PLE design). The balance within the social fractal between the
needs for certainty and growth, and connection and significance might also be considered as a con-
tinuum due to the continuing search for balance. From a sustainable point of view and considering
the fast changing world, a strive for using more intelligence in buildings can be recognized well.

Table 1. Example of the dynamic balance of human needs.

Human needs balance quantification table of physical environmental impacts

Examples of (inter)subjective experiences

Social system
factor

Percentage terms of ratio
and weighting factors to

balance

Societal (exterior, playground,
neighbourhood)

The building give feelings of:
End-users (workplace, classroom, layout)
The building rooms give feelings of:

Certainty 55/136 = 40% = 4 Being part of local community facilities Easily accessible, and easy to overview
Variety 34/135 = 25%≤ 3 Contributing to a variety of local

architectural design styles
Diversity (size, form, visual diversity,
temperature diversity et cetera)

Connection 21/136 = 15%≥ 2 Connectedness to the community
(easy to access) and, for example, by
local used materials

Connectedness (clusters of pupil ages
year groups)

Significance 13/136 = 10% = 1 Uniqueness, being proud of the design
and facility performances

Being special (every year its own colour)

Contribution 8/136 = 6% =≤ 1 Contribution to the liveability Contribution to learners community
Growth 5/136 = 4% =≤ 1 Being flexible enough to grow with

the changes, and adaptive to
incorporate future changes

Growth by grading to higher group
(room) and accessibility of getting
autonomy in individual learning
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Hence, the balance-point seemingly shifts upwards from a meta point of view considered. That also
might means that there is more confidence in current technology. But although the world is changing
fast, traditional beliefs will always remain. For example, ‘is the classroom probably one of the ones that
will remain with schools until last’ (Brasters, Grosnevor, and del Mar del Pozo Andrés 2011) as a need
for certainty stated. Cyber-psychology, however, forecasts the new learning environments that pro-
motes virtual reality effects, and attaches our senses determined by emotions, thinking and behaviour
(e.g. Uhls, Zgourou, and Greenfield 2014). Current and future developments of augmented and virtual
realties, ubiquitous learning, gesture-based computing and blended learning, might give a glimpse as
this growing need for growth, although, still kept in harmony within the relationship of human needs,
such as by the need for certainty by using natural elements into the design. Hence, from a meta per-
spective, future education and new physical environments shift from traditional design to sophisticated
technology design (e.g. Education-2025 2015). This slowly time shift towards technology driven devel-
opments, also in architectural design already slowly incorporated, has recognizable characteristics with
the social fractal of needs. The current perception of E-learning developments, influenced by societal
developments and technological innovations, such as using wearables in classrooms in order to
measure the bodily needs considered heterogeneously and individually, might change totally the gen-
eral view of technology enhanced learning (Rubens 2013). Mumovic (2015) suggests that research
efforts in future should have several distinguishing features, which would be enable research commu-
nity to deliver a step change in the current building design research practice (Mumovic 2015). Clem-
ents-Croome (2014a) refers to wireless sensor networks, smart metering, the influences of Internet of
Things, and to the expand of the traditional design and management team to include emerging sus-
tainability specialists (Clements-Croome 2014a). This fourth principle states the paradox relationship
of needs mechanism and the relationship with future developments.

The step plan of continuums

1. Separating the end-user needs of the societal needs
This step, especially meant as an assessment to gain more awareness of end-user needs, exposes the
difficultness of current approaches to define the design quality indicators, within which the interwo-
ven mixture of multi-level stakeholder interests can be identified well. The elaborated example illus-
trates how to separate the multi-level scaled interests from the end-users (see Table 2).

In this example an end-user perspective of a window frame mainly covers the need for certainty
factors (e.g. sheltering for bad weather conditions, sight on greenery), and somehow the need for
variety, satisfied by the constant changing outdoor activities (e.g. changing weather conditions,
and sight on pedestrians). From a societal perspective it mainly covers the need for social connection
and significance by exhibit a certain typology of school design whether or not is appropriate to the
social communities pride.

2. Separating the individual needs of the heterogeneous end-user needs
A rise in number of pupils with special educational needs is identified by the Dutch Central Office for
Statistics (CBS 2015). This rise is also identified in other west-European countries. An increasing
number of children with special educational needs stay at home without following any education.
The term special educational needs covers children who have learning difficulties, for example, aut-
ism spectrum disorders and attention disorders. Recently published work states, that one of the four
children is labelled with such a disorder (Weghorst 2015). This increases the demand for PLEs. Indi-
viduals differ by:

1. Bio-physical differences (e.g. age and gender, impairments, disorders and characteristics);
2. Physiological differences (e.g. visual, auditory or kinaesthetic preferences);
3. Psychological differences (e.g. cognition, motivation, autonomy, competence, social connection

and learning styles variations).
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3. Four polarity characteristics in a heteronomous–heterogeneous perspective
Within the four elaborated principles, four polarity directions are considered to be a main guidance
to simplify the heteronomous–heterogeneous physical learning environment relationships. Taken
into account these four elaborated principles, as human needs related characteristics, these polarities
are used to consider the end-user needs (in particularly the need for certainty and variety as known
from the child development psychology) interests from a societal perspective by:

(1.1) downwards directed needs for certainty, for example, the strive for societal connection
preferences working with the ‘laws of nature’, such as biophilic design. From this perspective end-
user need for certainty are, for example, fulfilled by feeling secure and safe in the learning
environment;

(1.2) outwards directed heteronomous needs for certainty, social connection and contribution.
For example, the strive for societal interests, such as shown by social design and collective design

Table 2. Example of distinction end-users’ needs and societal interest.

No. DQI illustrative example: the façade – window frames in classrooms

1 Identify the physical shell characteristics:
• The façade – large window frames in classrooms; Category: Exterior design expectations (e.g. façade arrangement) – from

indoor to outdoor view – in generally it prescribes that the building should have an open outwards directed appearance.
Also it relates to healthiness and daylight.

2 Identify the social and cultural, natural, personal circumstances considered from the different perspectives:
Societal
• The aesthetic value/proudness and experiences, identity, transparency; appearance in school design, belongingness to

the community/neighbourhood; view experiences of indoor school activities

Users:
• psychological need for safety and security

. physiological experience of outdoor activities, outdoor views on greenery, and avoidance of outdoor traffic noises;

. bio-physical need for daylight, a shelter for weather circumstances, and experience the natural differences in
sunlight/daylight/seasons intensity

3 Identify the human needs related determinants:
Societal
• Feeling connected (appearance inwards/outwards), significance (architectural design, local identity, local pride), feelings

of growth/contribution (education)

Users:
• Feeling certain (shelter for weather conditions), feeling variety (changing weather conditions, season changes)

4 Identify the positive side-effects of both perspectives:
Societal:
• Large window frames reinforce the built form and activates the life of the street, that give passersby an opportunity to

glimpse the life inside. The transparent architecture provides vistas for pedestrians as it does for occupants. Large
windows generate passive solar energy.

Users:
• Large window frames reinforce the psychological effects of shelter, and physiological effects of sight on greenery, and

nature experiences (variety in weather conditions, daytime and seasons, healthiness). Open a window frame gives fresh
air flow experiences.

5 Identify the negative side-effects:
Societal:
• Current architectural design might be experienced as cold, unattractive and not supporting local amenity or feeling

connected to the school. Large window frames also generate energy loses (e.g. Nord-side).

Users:
• Large window frames might cause more traffic noise, sunlight hindrance/reflections and overheating. Postmodern

architecture using relative low ceilings generates small fresh air buffers. Opening of the windows frames might give
pollution or fine dust in cities, and allergies in the certain seasons. Large windows cause easily distracted pupils.
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(e.g. Hocking, Brown, and Harris 2016); From this perspective end-user needs are fulfilled, for
example, by the need for certainty such as by working in a group setting instead or working solely;

(1.3) inwards directed autonomous need for variety, significance and growth. For example, the
strive for societal growing attention for PLEs; From this perspective end-user needs are balanced
by, for example, stimulating identity, curiosity, creativity and challenges;

(1.4) upwards directed need for growth, for example, the societal technological developments,
such as the strive for E-learning, and interaction design (e.g. Hartson 2003), or by means of using
devices, wearables and so on to control the environment collectively. From this perspective end-
user needs are fulfilled by, for example, a challenging variable technological learning environment
(e.g. virtual reality).

Referring to the four principles, the separation of societal and end-user needs, and the choice for a
simplified method which uses only these four polarity approaches, a balance might become feasible
within end-user needs for certainty and variety from a societal perspective of all six needs.

4. Three personal characteristics in an autonomous-personal perspective
Three specific characteristics are considered as a main guidance to simplify the autonomous-per-
sonal physical learning environments relationships of control. Taken into account the four principles
these three interrelated characteristics are used to consider the end-user interests from an individual
perspective, subdivided by end-users’ control of time, arousal and place factors. Noticed is that end-
users are mainly pupils in this paragraph, but also teachers and pedagogues are involved (with other
needs patterns).

(2.1) the time impact factors content: pupils’ control of well-being by bio-physical aspects (e.g. ergo-
nomic such as long-time sitting on the chair); physiological (e.g. chronic noise exposure) and psycho-
logical factors (e.g. long-time working solely). The principle of the temporarily impacts, suggests also
the presence of a feedback mechanism between the environmental objective situational factors and
individual end-user (optimal) activation level. For example, the relations between alterations of func-
tions over time and users’ behaviour, such as described by Altomonte, Rutherford, and Wilson (2014).
Another level of time-related example is pupils development and their physical learning environment
shift of interests relationship. A shift in accent from the need for certainty (young children) to the need
for variety (older children) during their school time period obviously relates to the need for variation in
school-building design interior experiences. Thomas Hobbes (1588–1679) described in his book
‘Leviathan’ (1651) the philosophical theorem that a cyclical period of human satisfaction always is fol-
lowed by a period of human fight, to strive subsequently for well-being again, until the state of well-
being of restored comfort is decreasing again. Butter (1997) assumes that there might be no simple one-
to-one relationship between needs and satisfiers (Butter 1997). Except that there are many possible
satisfiers for any need, there are also factors that provide multiple needs satisfaction simultaneously
(Butter 1997). Butter states that a requirement of one category may be postponed in favour of grati-
fication of another class, or of another person (Butter 1997). The feelings of fulfilment cannot be stored
and always slowly begins to fade away which might cause unbalances in needs fulfilments. Psychologi-
cal, physiological and biophysical personal conditioning experiences and evolutionary based experi-
ences also illustrates the temporarily fulfilment of human needs (Heerwagen 2003):

Natural light changes significantly over the course of the day, providing a signal of time that was crucial to sur-
vival throughout human history. Being in a safe place when the sun was setting was not a trivial matter for our
ancestors, and it is still important to human well-being. (Heerwagen 2003)

Not all needs will or have to be satisfied by school activities and physical experiences only, because
the satisfaction of needs can be postponed. For example, by outdoor or at home activities: ‘Place
related the needs are fulfilled at home, outdoor activities, sports etc.’ (Heerwagen 2003), or socially
instead of physically experiences. Also in these approach should be noticed that in time the paradox
effects might have less impact due to habituation. This principle illustrates the importance of fulfill-
ing the need for variety by means of the changeable challenging learning environments which should
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although remain in balance with a structured learning environment as fulfilment of the need for
certainty.

(2.2) the arousal factor: pupils control of balancing autonomously the physical learning environ-
ment conditions, and optimizing the personal activation level by balancing the physiological
conditions such as the sensory experiences of temperature, heating, and air quality (Earthman
2004). Oseland and Hodgeman (2015) state:

Psychologists generally agree that different personality types have different innate levels of arousal, which in
turn affects how noise has an impact on their performance. People can perform better if they are stimulated
or motivated (which increases their level of arousal), but there is a limit because too much stimulation can
lead to stress and thus reduce performance. (Oseland and Hodgeman 2015)

Another arousal-related example is illustrated by pupils with special educational needs, who over-
load themselves by too much stimuli at school and discharge totally at home. Bell et al. (2001)
describe a general eclectic-environment-behaviour model to residential and institutional environ-
ments, within which the relationship of arousal and activation levels of percept design, and in
case of when inadequate for user needs it causes stress, overload and/or reactance (Bell et al. 2001).

(2.3) the place factor: pupils’ individual control of balancing their needs by change of place, such
as searching for a place to feel themselves at home. The learning environment and the occupants are
considered as a continuum, as one construct. Also personal needed space might be considered as a
place related factor individual influenced by personal control. Another place-related example, which
states the personal characteristics as need for autonomy, is illustrated by bio-physical differences,
such as gender and age differences, which are significant enough to take seriously in the physical
learning environments (Schellen 2012). This states also that boys in classrooms need different con-
ditions, such as room temperature, than their female peers by gender differences, or in case of female
teachers by their age differences.

Considering the six human needs related four principles, in particularly the four polarities and
three personal characteristics, a separation of multi-level scaled stakeholders is considered to articu-
late their specific interests. Figure 4 illustrates how the four polarities of balancing human needs
directions are balancing inwards and outwards directed, and upwards and downwards directed. It
also shows the relationship of the interrelated personal factors, within which the three auton-
omous-personal controllable characteristics of time, arousal and place, relates to the other principles,
such as the interrelationship of psychological, physiological and bio-physical domains. This model
illustrates the polarities and individual characteristics as well as these three domains, with which
should be noted that this mechanism works also, as further articulation of the social fractal, for
societal and institutional stakeholders interests (see Figure 4).

Results

The established principles offer a theoretical analysis as a new perspective to define the design quality
indicators, and to offer a main guidance by the NCGs for primary schools. The four principles form
together with the step plan of considered continuums, seven main characteristics (four general
polarities and three specific individual characteristics) to define the physical learning environmental
shells fit to end-user needs. The seven main characteristics together enable more adjustments within
the personal preferences. To elaborate the heterogeneous end-user design indicators, the perform-
ance (P) is, in terms of well-being, health and behaviour, defined by the product of (six) Needs
(N), (six) Shells (S) and the (seven) Characteristics (C):

P = (6)N × (6)S × (7)C.

A matrix (see Tables 3 and 4) illustrates the six human needs relationships and the six physical
shells (and within it the seven characteristics). A generic simplified approach has been pursued by
considering the four principles and continuums of heterogeneous group (step 1), individual end-
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users (step 2), their heteronomous relationship with the physical environment using four polarities
(step 3), and the autonomous relationship influencing the polarities using three specific individual
characteristics (step 4).

The matrix

In order to determine the end-user indicators (continuum 3) and individual characteristics
(continuum 4) a matrix is elaborated to frame the needs and physical shell relationship. The matrix
shows 36 cells to determine the end-user indicators. It also can be useful to determine other stake-
holders indicators’ perspectives, and to balance them together by the different interests (the archi-
tectural synthesis), but in this approach it states the theoretical analysis based requirements. The
bold numbers mark two illustrative examples for child development psychology based need for cer-
tainty and variety (see Tables 3 and 4). These bold cells (1C and 2V) are considered within their prin-
ciple based characteristics. For example, the end-user physical shell position considered from, in the
first example 1C, a learners-desk relationship with the need for certainty, is also influenced by the
outwards directed polarity characteristic. That is why the table colours dark for the main downwards
directed need for certainty, and light for the impacts by the outwards directed polarity. The other
example of classroom and the need for variety is also downwards directed, but here more inward
directed. Because of the relationship with the personal characteristics, also the autonomous end-
user individual needs factors are involved.

The heterogeneous end-user group needs demand a heteronomous approach of interaction to
control the learning environment, using the four polarities as main approach [1.1–1.4]. The per-
sonal end-user needs demands an autonomous approach of interaction to control the learning
environment individually by using three characteristics [2.1–2.3]. The two examples illustrate
the heteronomous and autonomous relationship and opportunities to determine the technological
building abilities to control the physical learning environments. It also illustrates the dualistic, but
still coherence, approach of certainty and variety and so on relationships to balance. The two
illustrative examples are elaborated from an end-user perspective (teacher perspective on pupils).
The analytic results are compared with educationalists perspectives by a number of interviews in
2014. Hence, the interview phrases are coupled afterwards to the theoretical analysis that are
illustrative for the development of the design quality indicators. The interviews were conducted

Table 3. Coded number of the matrix of human needs for certainty and physical learning environment relationship.

Human needs for certainty downward (and outwards directed)

Physical shells Certainty Variety Connection Significance Contribution Growth

Desks 1c 1v 1sc 1s 1co 1g
(Class)rooms 2c 2v 2sc 2s 2co 2g
Corridors 3c 3v 3sc 3s 3co 3g
Exterior 4c 4v 4sc 4s 4co 4g
Playground 5c 5v 5sc 5s 5co 5g
Neighbourhood 6c 6v 5sc 6s 5co 6g

Table 4. Coded numbers of the matrix of human needs for variety and physical learning environment relationship with personal
characteristics.

Human needs for variety downwards (and inwards directed)

Physical shells Certainty Variety Connection Significance Contribution Growth

Desks 1c 1v 1sc 1s 1co 1g
(Class)rooms 2c 2v 2sc 2s 2co 2g
Corridors 3c 3v 3sc 3s 3co 3g
Exterior 4c 4v 4sc 4s 4co 4g
Playground 5c 5v 5sc 5s 5co 5g
Neighbourhood 6c 6v 5sc 6s 5co 6g
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in 2014 (Kars 2014), and the transcribed data of educational perspectives are compared with the
theoretical approach, which prove a lot of similarities. The interviewed teachers, which phrases
are shortened, worked on the existing schools during that period. The schools are selected by
different building years (see Table 5).

The main questions were focused on Personification (needs for personification); Inclusive edu-
cation (where do you recognize the special needs?) and Technology (will there be a change in the
learning environment by the technologisation?). Two illustrative examples are elaborated from
the stated theoretical approach and from educationalists perspectives from an end-user perspective.
The theoretical approach descriptions illustrate the model-based design quality indicators (see
Tables 6 and 7).

The guidelines

Considered are the six human needs and the six determined physical learning environmental shells,
within which the complexity is reduced to five guidelines as manageable steps:

1. Consider the scope of the four principles of human needs relationships characteristics with:
(1) physical environmental shells; (2) end-user psychological, physiological and bio-physical
interests; (3) the dynamic mechanism and ratio balance; and (4) the needs paradoxes.

2. Separate the end-user needs from the societal needs within the [1st] continuum. Be aware of their
different perspectives and possible conflicts with another (e.g. institutional or process actors)
interests within this continuum.

3. Separate the individual needs from the end-user needs within the [2nd] continuum. Be aware of
different individual perspectives and possible conflicts with another and amongst other end-user
interests. For example, different end-user interests are caused by gender and age differences and
personal different characteristics.

4. Relate end-users heteronomous interests to the heterogeneous adjusted physical learning
environment within the [3rd] continuum. Be aware of the societal interest influencing the
end-user as well as the building performances. Use the four polarity balance as a centre-point
of approach to define the physical learning environmental shells, within the paradox relationship
pattern of down- and upward and in- and outwards directed human needs, and considering the
biophysical, physiological and psychological time-related influences.

5. Relate individual end-users autonomous interests to the personal adjusted physical learning
environment within the [4th] continuum. Be aware of personal interest influencing the end-
user as well as on the building performances. Use the three personal characteristics of time, arou-
sal and place, as an specific approach to define the individual to adjust physical learning environ-
mental shells, within the paradox relationship pattern of down- and upward and in- and
outwards directed human needs.

Tested model

We related the theoretical approach to the educational perspectives and established the guide-
lines. Yet a small illustrative example shows how the model works in practical application of

Table 5. Overview expert interviews of educationalists perspectives.

Interview Sort Type of education Place (NL) Year built

Teacher 1: Primary School Public School Harkema 2008
Teacher 2: Primary School Public School Leeuwarden abt. 1920
Teacher 3: Primary School Christian Dalton Leeuwarden abt. 1960
Teacher 4: Primary School Public School Dokkum abt. 1980
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the process and can be used particularly for primary school design. The by Gaudí’s constructed
Parish Schools of Sagrada Familia near the site of the Basilica and Expiatory Church of the
Sagrada Familia is examined by the guidelines. The book Gaudí’s Sagrada Familia (Anglés
2010) is used and recognized are, by the short phrases in the book, the model adjusted simi-
larities. Gaudí carefully designed all the details of this school, trying to make it as pleasing for
the children as he could. Noted is that the Table 8 is from an end-user perspective. Hence
more balance can be found in practical application when also the societal interests are known,
as well as the more detailed personal needs of children with disabilities. Hence, the guidelines
3 and 5, which assess the personal requirements, are not used in this example. Using the guide-
lines in practical applications of the process, a distinction between the three approaches by
societal, end-users (example above), and individual interests improves the awareness to balance
the different interests (see Table 8).

Table 6. Example code: 1c theoretical approach and educationalists perspectives.

Code: 1c – physical shell pupils’ desks workplace analysed by the need for certainty (downwards and outwards directed)

Heteronomous end-user group interaction factors
1.1. THEORETICAL APPROACH

Situational and naturalness factors: the polarity is downward related which emphasizes to use a variety of natural materials,
for example, wood, stone, loam, et cetera; The need for certainty emphasizes that every learners-desk place should be
related to natural bio-physical experiences (natural colours, natural sound and acoustic levels, natural heating, for example,
by solar radiation); artificial, synthetic materials and toxics should be avoid as much; strive for a natural learning
environment for learning (e.g. embodied learning, ergonomic comfort, combine bodily with cognitive activities); bodily
needs, such as natural environments for essential exercises (e.g. use of stairs) should be taken into account in the layout of
the design.

EDUCATIONALISTS PERSPECTIVES
T1: a lot of pupil prefer to sit near the large windows. Why? I think to experience daylight;
T1: what I often see what is going wrong is the indoor air quality… and also moisture, carbon dioxide emission, and
temperature, that should be controlled better..… for all the pupils;

T1: children have an own box in their desks for the general books and an own drawer in the desk for private stuff… so they
are flexible to walk to, for example, a higher grade group and taken with them their own drawer;

T1:if children with an disorder have a separate place, they show no disturbing behaviour for others;
T3: children like to be protected entirely and to see nothing of the surroundings… sometimes it is enough to see nothing
which makes noises less important for them;

T3: we do have a silence place to work (where it is not allowed to speak) with no stimuli…we also have a kind of hutch at
the back in the classroom, in fact a shielded desk;

T3: what is missing is a time-out room when you need it, as a teacher for just a moment… or for the children;
T3: some pupils want to sit at the front because they cannot see well… especially due to the daylight hindrance on the
digital screen;

T3: I don’t think it is ergonomic right to let children of all ages work at the same chair and desk heights;
T3: there should be workplaces outside the classroom;
T4: perhaps a classroom should be a hexagon instead of a square to create overview.

1.2. THEORETICAL APPROACH
Social and cultural factors: the polarity is outwards directed, which emphasizes the use of a group setting of desks. The need
for certainty emphasizes to fulfil the need to feel safe by the desk positions into the classroom. These feelings might be
enforced by using removable cabinets or panel-walls to create corners and position them around or behind a group of
pupils as a shelter; creating an stable structure of desks settings; enhances the feelings of safety in (class)room
arrangement; it is desirable to design different places/corners in the (class)room to change the desks arrangement settings
regularly but predictable by using structure; the desk positions should improve social interactions;

EDUCATIONALISTS PERSPECTIVES
T1:sitting at the rear of the classroom is favourite, as a hidden place, or behind a group of pupils that not see you but only see
them, some pupils like to sit at the front of me and find it very enjoyable;

T1: there should be standard regulation to mute the sound and dim the light to create sphere in parts of the classroomwhere
pupils work in groups;

T1:I think about low quickly to move separation screens and easy to arrange corners, just for better performing plus-pupils;
T2 I think that digitalizing the classroom leads increasingly to less working on a desk… .you also can work on a couch with
your tablet… than you can create a total different sphere in a school… .

T4: it is sometimes very hard to deal with children with a disorder… I also have to deal with children without a ‘label’ such as
one who cannot behave himself when he is alone… or one who cannot speak well and always starts fighting when he is
plagued;
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Table 7. Example Code: 2v theoretical approach and educationalists perspectives.

Code: 2v – physical shell classroom analysed by the need for variety (downwards and inwards directed)

Heteronomous end-user (pupils) group needs factors.
1.1 THEORETICAL APPROACH

Situational and naturalness factors: the polarity is downward related which emphasizes to use a variety of natural materials,
for example, wood, stone, loam, et cetera.; the need for variety emphasizes also the use alternating season related
experiences for biophysical bodily processes relationships. It also relates to physiological needs, such as the use of a variety
of different nature related spaces and forms, and natural colours, sounds and acoustic levels; natural resources implicate
that passive solar energy should be stimulated while unnatural heating should be reduced. Artificial synthetic materials
and toxics should be banned; a strive for conformance with pupils’ natural way of learnings, for example, embodied
learning is preferred; the use of stairs to stimulate exercises, and the use of different routes (without disturbing activities
elsewhere) should be stimulated in designs; preferred is a design by natural environments with surprises and challenges to
stimulate pupils’ creativity.

EDUCATIONALISTS PERSPECTIVES
T1: new kinds of education make the principle of classroom rather vague, when you get flexible rooms, so must be also the
air-tubes and so on;

T1: we do not talk about classrooms but about workspaces for children, such as our learning square;
T2: you should have a building where you can create different corners to organize a variety of learn tasks, and realize some
rest what is important;

T2: if the space can be arrange differently, we are be able to teach the children differently;
T2: that you can make one big room and subsequently turn it to two or three rooms… that you should not think in
classrooms but in open rooms that you can close and open in a certain way;

T3: control of the indoor temperature is not possible well…when it is too hot children become musty… and when I open
the windows in the winter period it leads to unwanted cold air flow;

T3: a lot of daylight is fine, but too low positioned windows give too much outdoor stimuli;
T4: perhaps a classroom should be a hexagon instead of a square to create overview.

1.3. THEORETICAL APPROACH
Personal and self-esteem related factors: the polarity is inwards directed which emphasizes a variety of special rooms for all
kinds of activities; the need for variety emphasizes also the use different room sizes, forms and sensory experiences in the
(groups)rooms; the use of different colours for different rooms, and different acoustic/noise levels, different sunlight/
daylight experiences and temperatures in the rooms should be part of the design brief; the design layout should have
different places/spaces, indoor and outdoor, to challenge pupils personal self-esteem and identity.

EDUCATIONALISTS PERSPECTIVES
T1:a child cannot develop itself without classroom adjustments;
T1: at Christmas time another sphere is realized by the lights in the tree… I wonder why we do not do this more often in
other circumstances, such as when we are reading books…

T2: children need variety, such as for embodied learning and serious gaming… in a small classroom this is not possible to
execute;

T2: it would be great when you have a podium or a place to put a child once in the spotlight;
T2: we do not have a room where pupil can collaborate for those who has the ability to perform on a higher level
… .everyone has to be quiet in current classroom situation;

T3: our aim is to make children owner of the rooms… for example, the responsibility of the library is designated to two of
our pupils… ;

Autonomous end-user (pupils) individual needs factors (inwards directed)
2.1. THEORETICAL APPROACH

Time factor: to fulfil the need for variety individually, the physical learning environment should be changed autonomously
easily, as well as temporarily by size and form; the use of autonomous changeable indoor walls or changeable classroom
arrangement setting can regulate and stimulate the sensory experiences and activation levels for individual needs.

EDUCATIONALISTS PERSPECTIVES
T1: I thought about how easy it should be to turn tables plateaus, to isolate themselves, and to start a new task by turning to
the group at the time when needed;

T2: I want to work at a place for children where they can work independent from classroom times, such as that they can work
into the classroom but also elsewhere, at different moments; the role of teachers should be more like a coach and interact
with pupils’ needs;

2.2. THEORETICAL APPROACH
Arousal factor: to fulfil the need for variety individually, the physical learning environment should be changed autonomously
easily, as well as its arousal level; stimulate the sensory stimuli by personal preferences (e.g. variation in the personal
preference of control the ventilation, thermal comfort, natural light, noise and privacy); use technological controlled
devices in classrooms to control individual needs.

EDUCATIONALISTS PERSPECTIVES
T1: much colours soon will be too much… especially for children with a disorder it will give too much arousal;
T1: there are differences in stimuli levels, but also in changing the instruction places and moments;
T2: children sitting near a door or a window should not have hinder experiences;
T2: you don’t have to control individually everything… but sometimes the teacher needs a higher classroom temperature
while the classroom is sweltering… it would be ideal that the child should control its own temperature and ventilation…

T2: I can imagine that there is a difference between boys and girls, because boys are often more motile… those boys are
often getting warm by their movements, and girls don’t.

(Continued )
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Discussion

We noted that current design indicators are largely influenced by societal and institutional interests,
which neglect some essential pupils’ psychological aspects, such as pupils’ core need for variety, crea-
tivity, fantasy and challenges in the school design environment. We assume that more awareness of
the underlying pattern of human needs contributes to a better understanding of the balance between
the physical learning environment from human needs perspectives fulfilled socially and physically,
and alternating. This approach might tackle the current complexity of interwoven interests and in
particular it avoids excessive complexity for traditional design and management teams, for example,
by using Network sciences. The simplified principles are elaborated to contribute to the essence of
the guidelines. For example, they can be considered in a broad continuum of multi-level stake-
holders, due to their base in the so called social fractal pattern. We argue that a systems thinking
approach might contribute best to the discourse of balancing all different perspectives and needs,
to achieve a well-fitted learning environment. We also notice that not all interests might be conflict-
ing, but that this should be examined in the design process dialogues.

This method relates to universal basic needs theories, the child development psychology and
environmental psychology-based approaches. Many studies state that a well-fitted learning environ-
ment will never be reached with univocal results within the complexity of subjective end-user needs.
From this point of view, we argue that a separation of social (e.g. peers, teachers) and physical (e.g.
material, colours, forms) environment interactions is undesired, because of their interactions and
substitutional alternating interventions. For example, when a child is afraid by a social event in
the (class)room, the child will wants to hide in the physical environment, such as into a corner,
to find security. It should be noted that social impacts always have more influence on end-user per-
formances than physical environments. The fulfilment of needs takes place emotionally, by both,
social and physical experiences, psychologically, physiologically and biophysically. We assume
that this is far more important to focus on than to a distinction of which physical and social aspects
really matters.

The understanding of underlying patterns offers a rather simplified method to manage the com-
plexity of the design quality indicators or key performance indicators, as illustrated by the examples

Table 7. Continued.

Code: 2v – physical shell classroom analysed by the need for variety (downwards and inwards directed)

2.3. THEORETICAL APPROACH
Place factor: to fulfil the need for variety individually, the physical learning environment should be changed autonomously
easily by change the indoor walls, vary the levels of (day)light, temperature, colour, sound and so on; the ability to change
the classrooms into other educational functions increases the building usability; create more flexibility and open
classrooms into the building for individual needs.

EDUCATIONALISTS PERSPECTIVES
T1: it would be nice when there are four corners with different colours, and to distinguish the children by their
differentiations… but it is not possible in practise to paint all these different colours;

T1: it is not good to separate the children from the group always..… it might be better that a child can isolate itself when
needed, although, the teacher should also steer this;

T1: a child with ADHD and also ASS should choose their own furniture or corner where to work in or outside the classroom;
T1:a child with an ASS disorder can be best placed in the back of the classroom to create overview, and should not be placed
close to a window or door;

T2: then you notice that the physical classrooms are too small for groups of 30–33 children when everyone touches each
other, which creates a too crowd situation for pupils with a disorder;… if groups are getting bigger, than the number of
children with disabilities also grows;

T2: the corridor is not a place for those children, there is no silence;
T2: to use the talents of inclusive education, especially different learning environments are needed;
T2: we have many ideas how to do it differently, but we don’t have the room for it;
T3: children can be very angry…we like to have a time-out room with such a kick-fun sack to let off steam;
T4: you should have several corners in the classroom for children with Asperger… you are so constrained by current
classrooms;

T4: the more children in the classroom, the more it disturbs them, such as children with Asperger syndrome (ASS) dislike
noise and crowd… they become totally upset when they come at home after the school period.
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Table 8. Example tested model Gaudi’s Parish Schools of Sagrada Familia.

NCGs from an end-user perspective

7 Characteristics 6 Human needs (and impact) 6 Physical shells Phrases from the book :

Biophysical
1.1 Downwards (Situational,
Naturalness)

Certainty (A = 4) related to variety Desks/furniture The stools for giving classes in the open were three legged so that they would remain steady on the
ground. A practical four-sided gyratory cupboard where the class material was kept. The
arrangement setting was two by two.

(Class)room The classrooms were built to occupy at least 50 children. The roof (in this case conoids) consists of a
very simple structure, visible from inside the three classrooms (that helps to understand the
generation of the ruled surface).

Corridor/room
relationship

There was only a small hall/entrance.

Exterior/layout Ruled surfaces (planoids or false planes) in the walls and roof are used; forms frequently found in
nature.

Playground Teaching in open air. An area covered with heather extended over a metallic grille, where plastered
walls doubled as blackboards.

Neighbourhood Gaudí built the school near the church for the sons and daughters of the workers at the church and
the local children

Variety (B = < 3) related to
certainty

Desks/furniture The classroom differ in arrangements settings and in classroom arrangement settings, by blocks of 48
desks and some separate desks also two by two (which suggests that they might be used for some
individual pupils.

Room All classrooms had different sizes, and no classroom was the same, and had straight and curved walls.
Corridor/room
relationship

The toilets were located on the opposite of the entrance.

Exterior/layout The geometry of conoidal surfaces so abundant in nature The conoidal brick walls that enclose the
construction are generated by straight lines which follow the initial sinusoid floor plan and which
result is pleasing to the eye extraordinarily stable and naturalistic at the same time.

Playground At the other end of the patio (besides the area covered for blackboards) there were trees and
jardinières with plants that the children grew, meant to instil them the love and respect for nature.

Neighbourhood The organic design variation for the traditional architecture styles and typology.
Physiological
1.2 Outwards (Social, cultural) Connection (D > 2) and related to

certainty and contribution
Desks/furniture An arrangement setting of two by two
Room The classrooms had a huge air volume due to the high ceiling/roof. Small window frames did not

disturbed the children by outdoor occurrences and create less sun radiation/overheating. Cross
ventilation was possible by the tilt windows.

Corridor/room
relationship

The entrance to enter the classrooms was located in the centre of the building.

Exterior/layout On the ground floor there are three intertwined hearts, probably meant as symbol for the Christian
religion.

Playground In one of the playground there was a round pond 30 cm deep that was used for practical classis of
Geography, where pupils had fun using sand to reproduce the geographical incidents they had
studied.

Neighbourhood The school is inseparably connected to the natural architecture and meant to collaborate in the
education of the quarter’s children and adults.

(Continued )
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Table 8. Continued.

NCGs from an end-user perspective

7 Characteristics 6 Human needs (and impact) 6 Physical shells Phrases from the book :

1.3 Inwards (Personal, self-
esteem, Individualisation)

Significance (C = 1) related to
variety and growth

Desks/furniture The pictures in the book show that some learners desks are situated separately.
Room The pictures and layout show that no classroom is equal.
Corridor/room
relationship

Every classroom has separate toilets.

Exterior/layout Around the building Gaudí built ‘jardiniéres’ with rough rocks, where each child had a plant assigned
in order to awaken in him love and curiosity for nature.

Playground The pupils took care of the plants assigned to them in the jardinières around the building. In one of
the playground there was a round pond 30 cm deep that was used for practical classis of
Geography, where individual pupils in the centre of the peer-group in turn (as pictures show)
reproduced the geographical incidents they had studied.

Neighbourhood The organic design was new and very significant in relationship with other buildings.
Psychological
1.4 Upwards (Development) Contribution ( < 1) related to

growth
Desks/furniture Organic design characteristics
Room Organic design characteristics
Corridor/room
relationship

Organic design characteristics

Exterior/layout Organic design characteristics
Playground Playground relates directly to their classrooms
Neighbourhood Organic design characteristics

Growth ( < 1) related to
contribution

Desks/furniture Organic design characteristics
Room Growth might be experienced within the rooms, and playgrounds (e.g. the height of fountain)
Corridor/room
relationship

Organic design characteristics

Exterior/layout Organic design characteristics
Playground The geographical pond in just one of the playgrounds; Gardening lessons to rouse the interest,

respect and love for nature in the children.
Neighbourhood Organic design characteristics
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from an end-user perspective. The polarities should not be approached too literally, because we
should not forget that these are just words which express certain feelings. With the new guidelines
we assume to offer a reasonable alternative that gives new insights into the complexity of end-user
needs and the physical learning environments. This approach might also stimulate future directed
opportunities for intelligent algorithm-based building control and might contribute to more
balanced client briefs. Although it is still a hypothetical proof of concept, we argue there is ground
for this fundamental but simplified approach.

Conclusion

Our aim was to develop guidelines that are based on a full assessment of human needs by means of a
theoretical analysis to enable more balance in the architectural synthesis of societal, end-users and
individual interests. We elaborated a recipe that generates the NCGs for primary schools in particu-
larly to provide a better balance between societal and individual end-user needs. In this article,
human needs related principles and a step-plan method are elaborated to achieve more balance
within the continuum of societal and end-users’ interwoven relationships. The method also gener-
ates detailed design quality indicators to define the physical subjectively experienced learning
environmental shells, and to meet end-user needs, generously and individually. This new integrated
approach implicitly offers new insights to adapt technological innovations that contribute to end-
users’ heteronomous and autonomous control of their learning environment by understanding
the underlying pattern of human needs. We argue that defining sustainable, healthy and innovative
school buildings should start explicitly with generating more awareness of end-user subjective
psychological and physiological basic needs. We argue also that technological adjustments contribute
integrated via this pathway end-users’ objective bio-physical interests. The results are still hypothe-
tical and a concept of proof. In forthcoming research, the related sustainability guidelines for defin-
ing the objective school building physical learning shells will be elaborated.
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