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Abstract: Over the last decades Flexible Learning Environments (FLEs) arose as an enabler of a student-
centric approach to teaching and learning. Despite its penetration in the Australian public school sector,
the interior design of FLEs hasn’t been sufficiently investigated when it comes to Indoor Environmental
Quality (IEQ) conditions provided within its open-plan configuration. FLEs’ design typology creates the
challenge of providing IEQ conditions that work for different zones used simultaneously by the mobile
student population. In addition, current guidelines used in Australia are based on the traditional
classroom with little, if at all, adaptations to FLEs’ open-plan configuration and activity-based way of
learning. By looking into the physical configuration of ten primary classrooms, this paper aims to identify
potential shortcomings of the interior design FLEs along with a critical review of existing literature and
existing NSW-state government guidelines. Results indicate that for a mobile cohort of occupying FLEs,
there is a mismatch between IEQ conditions provided and the guidelines in use, as it tends to overlook
students’ non-stationary state and variety of activities, they are involved in. The adaptability of existing
guidelines is therefore needed to better guide the design of Australian FLEs.
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1. Introduction

During the 21st century, significant modifications to the educational practices and technological
advances have prompted educational leaders to adopt student-centric pedagogical model (OECD, 2006;
DoE, 2016; Oberdorster and Tiesler, 2006: Tiesler and Oberdorster, 2008: Kuhlthau et al., 2015). The
student-centric model aims to optimize learning for each individual student (INacol, 2016), by making
learning “personalized” (where students are active, participatory and engage in different ways and in
different places), “competency-based” (where students move ahead based on milestones rather than
age), “anytime” (without being restricted to the classroom or school day) and “autonomous” (where
students take ownership of their learning)(NMEF, 2013). Under this new framework, Flexible Learning
Environments (FLEs) are accepted as to enable a student-centric approach to teaching and learning by
allowing students to move freely in order to find the best location that suits their activity, and options
for interacting with teachers, peers and technology (Mackey et al., 2018; Saltmarsh et al., 2015). The

Revisiting the Role of Architecture for 'Surviving’ Development. 53" International Conference of the
Architectural Science Association 2019, Avlokita Agrawal and Rajat Gupta (eds), pp. 645-654. ©
2019 and published by the Architectural Science Association (ANZAScA).



646 D. Vijapur, C. Candido and O. Gocer

global uptake of FLEs has started since the year 1998, in 23 OECD member countries and also in Asia,
Russia and South Africa. In Australia the future growth projections suggest the need for around 200
extra schools by 2026, in each of the states of New South Wales (NSW), Victoria and Queensland and
the proposed strategy is to introduce FLEs in all these new-build as well as refurbishment projects by the
Departments of Education (DoE) in every state.

Traditional classroom layouts with rows of desks facing a blackboard are being replaced by FLEs where
the interior of design presents a general sense of openness capable of being flexible and adaptable to
enable individualized learning (Campbell, 2019) (Kariippanon et al., 2018) (Reh et al., 2011, Saltmarsh et
al., 2015, Sigurdarddttir and Hjartarson, 2016). Initially, the idea of introducing flexibility in classrooms
was done in a blurred manner, largely restricted to the introduction of moveable and reconfigurable
seating. Ideally, for a learning environment to be considered as being “flexible”, it should contain the
features described under the following five domains; technology, learner, pedagogy, space and learning
modalities, as shown in Figure 1. Typically, FLEs incorporate a combination of one or more of these
features, depending on the available budget, and the school’s preferred pedagogical model.

In terms of physical configuration, FLEs are assemblages of different spaces grouped in clusters, in a
myriad of new arrangements, to create spaces within spaces (Dovey and Fisher, 2014; Reh et al., 2011).
These smaller spaces, which could be considered as “micro-environments” within the larger FLE, are
typically characterized by transparent or moveable boundaries. FLEs also consist of open spaces that
allow for manifold interactions in flexible learner groups (Sigurdardottir and Hjartarson, 2016). In terms
of infrastructure, FLEs are likely to consist of a combination of mobile touch-sensitive screens, Wi-Fi
connectivity to all devices in the room, writeable surfaces and light-weight flexible furniture to enable
team and individual works. In a holistic sense, FLEs possess the spatial characteristics and design
features that are listed in Table 1. Indoor Environmental Quality (IEQ) conditions within FLES” open-plan
configuration are far more challenging than traditional classrooms because students are mobile and
multiple activities that may clash take place simultaneously — concentration versus collaboration for
example. That being said, current design guidelines have not adapted IEQ requirements from traditional
classroom to FLEs.

DATA COMPONENT DESIGN FEATURE
PROJECTION
e o E:Iﬂ:?.:fl; RISTICS Operable walls (glazed)
Permeable Boundaries | Operable walls (glazed)
TACTILE Eisi&im Unenclosed boundary (flowing into a shared
space)
SMART
KINESTHETIC \ - MF—EL/-'«P[@ Reconfigurable Modular & lightweight
FLEXIBLE REALITY furniture Variety of seating
LEARNING Variety of desks
MODIFIABLE /oENWRONMENTS Reflective spaces (for individuals)
‘ o\‘ o ATTONOMOLIS Collaborative spaces (for small groups of up to &)
FLUID *— SPACE T LEARNER Zoning Collaborative spaces (for large groups)
W - \‘ MOBILE Presentation area
VERSATILE /) \ ACTIVE Practical activities area
cONVERTIBE ABLE lw Write-able surfaces Table-tops and/or walls

PEDAGOGY INFRASTRUCTURE | Interactive Smart

Mobile and/or fixed devices

COLLABORATIVE boards
Wi-Fi For smartboards and all devices
STUDENT  pERSONAL Hand-held devices iPads and Laptops
Figure 1 Characteristics of FLEs. Table 1 Summary of key spatial-design features.

This paper reports the outcomes of a review of the architectural design of ten FLEs, located in the state
of NSW in order to understand and map similarities, if any, in the physical configuration of the spaces
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over the last decade. In addition, this study also aimed to identify shortcomings of the interior design of
these open-plan FLEs along with a critical review of existing guidelines recommended by the NSW
Department of Education. NSW has been chosen as the location for this study, because of having the
largest portfolio of public schools in Australia (ACARA, 2016), and the NSW Government has committed
to transform the primary classrooms to suit 21st century learning needs. A time-frame of past ten years
has been chosen for this review, because it is during this period that there has been an increasing
momentum in dissolving the boundaries that divide educational spaces (OECD, 2006; Reh et al., 2011).
The standard IEQ recommendations for the selected FLEs were identified from the guidelines developed
by the NSW Department of Education (DoE) and the Government Architect NSW (GANSW), that were
intended to guide the design and delivery both new and refurbishment school projects.

2. Methodology

Firstly, a literature review has been conducted to identify the key findings from existing research
conducted in FLEs. The search was conducted using the Scopus database and was aimed at identifying
literature at the classroom scale, covering research related to Indoor Environmental Quality conducted
in FLEs. The search was limited to the last twenty years (i.e. 1999 — 2019), as the deviation from the
traditional classroom typology has been on the rise since the turn of the 21st century. Studies were
included if they: (1) were conducted in primary school classroom environment, (2) measured a specific
outcome related to spatial flexibility and IEQ within the learning space, and (3) had full-text articles
available in English.

Following the literature review, a selection of 10 FLE designs were identified from within NSW Public
schools, and their interior-design has been analysed, to map similarities in their physical configuration
and infrastructure provisions. The 10 selected FLE designs are representative of the wide-range of
configurations that are present in the current primary schools in NSW, and include a combination of
new and refurbished projects, built between 2009-2019. The architectural drawings and visual imagery
that provided the basis for the study were obtained from publicly available sources and are presented in
a de-identified manner, in Table-3. The 10 selected FLE designs were then analysed, to identify potential
mismatches, if any, between their designs and the standard IEQ guidelines recommended by the NSW
Department of Education. The following design/performance guidelines have been used, to conduct the
review, as they have been developed by the NSW DoE and the Government Architect NSW (GANSW), to
guide the design and delivery of educational facilities, for both new and refurbishment projects: (1)
GANSW: Environmental Design in Schools (EDS) (2018), (2) GANSW: Design Guide for Schools (DGS)
(2018), (3) NSW DOE’s Education Facilities Standards and Guidelines (EFSG) (2019) and (4) DoE Schools
Infrastructure NSW (SINSW)_ Draft Thermal Comfort and Indoor air quality Interim Performance Brief
(2018).

Guidelines contained recommendations pertaining to thermal, visual and acoustic comfort and air-
quality, in order to optimise the IEQ within learning spaces. A snapshot of the key IEQ recommendations
from the above guidelines, is provided in Table-2, presented as “assessment criteria” and have been
used when evaluating the floor plans. The analysis was conducted using a two-staged review process.
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Firstly, an initial analysis was conducted of the entire FLE, to review their physical and infrastructure
characteristics against those outlined in Table-1. The next step of analysis involved analysis of each zone
(or micro-environment) within the larger FLE. For this, the designs have been reviewed against the
criteria in Table-2 and a percentage score has been provided for the IEQ factors, to indicate their IEQ
shortcomings, and the need for further improvements. (NOTE: A score of 50% for “Thermal” would
indicate that this FLE design satisfies two out of four criteria, listed in Table-2, under the Thermal
category). This assessment is summarized in Table-4.

Table 2 IEQ Assessment Framework

Assessment Criteria

INDOOR AIR QUALITY:

o Ventilation strategy must meet the Australian National Construction Code (NCC) requirements

o Classrooms should be designed for cross-ventilation via operable windows only or in combination with
mechanically fan-assistance

e For air-conditioned spaces: Outdoor air ventilation rates are in accordance with AS 1668.2 Mechanical ventilation
systems shall be linked to sensors to provide demand-controlled ventilation within each space to ensure that CO2
levels are maintained below NCC recommended thresholds.

THERMAL COMFORT:

e Climate responsive design strategies should be adopted

e Air-conditioning should be installed in all permanent learning spaces for locations with a long term average mean
maximum January temperature of below 33°C

o All teaching spaces should maintain an in room ambient temperature between 19 °C and 22 °C

o Air-conditioned spaces should maintain set-points for 18 °C in winter and 25 °C in summer. Thermal modelling
should be undertaken to demonstrate compliance with a predicted mean vote (PMV) of +/- 0.5 for 95% of
occupied hours, in accordance with ASHRAE Standard 55.

ACOUSTICS:

o Acoustic treatment should be provided to maintain low internal noise levels by controlling impact of steady-state
and intermittent noise sources? This includes noise from both external and internal sources such as includes road
and air-transport, mechanical, air-conditioning and hydraulic services

o Classroom should contain soft furnishings or surfaces to change the acoustic environment. Spatial zoning is
required to assist separating relatively noisy or quiet activity

e Indoor learning areas should be designed for acoustic privacy from adjacent spaces

VISUAL COMFORT:

e Spaces must have access to natural light

e A brown-out function should be provided to learning spaces with audio-visual learning aids

o Risk of glare or of direct light on desk level should be effectively restricted?

e llluminance levels for each space determined in accordance with AS 1680.

e Electric luminaire layouts in regular and symmetrical pattern

e Luminaire layout aligned with the furniture layout

e Lighting design strategy consider the use of space, including high screen-based tasks and projectors/white-boards
e Indoor learning areas designed for visual privacy, from adjacent spaces
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3. Results

3.1. Key shortcomings of existing literature from the view point of IEQ in FLEs

From the existing literature related to classroom design, it has been identified that, the role of the
classroom’s interior design has not been sufficiently investigated from an IEQ perspective, specially
when it comes to FLEs. According to the literature review, the overall trend of IEQ-related research
during the years 1999-2019 shows that much of the research has been conducted in traditional cellular
classrooms (Figure-2). Out of 89 papers found, the most popular topic of investigation was Indoor Air
Quality (IAQ), followed by thermal comfort, acoustics and visual comfort.

IEQ Research trend (1999-2019)

w
5]

~
=3

Traditional

W Flexible

No. of Publications

5]

hermal comfort Air Quality Visual comfort Acoustics

IEQ Parameter

Figure 2 Distribution of papers investigating IEQ-related topics from 1999 to 2019 (n = 89)

IAQ was assessed in fifteen studies, of which fourteen were in traditional settings, to evaluate the
impact on either (1) learning performance; (2) health (Almeida et al., 2011, Annesi-Maesano et al., 2012,
Norback et al.,, 2000, Madureira et al., 2015, Van Dijken et al., 2006); (3) identification of suitable
ventilation rates; (4) correlation between indoor-outdoor pollutants; (5) correlation between classroom
activities and ultrafine particle concentrations(Morawska et al., 2009, Diapouli et al., 2007); or (6)
allergen levels. The impact of poor IAQ on children is of high relevance for public health, as exposure
rate is high due to primary schooling being compulsory (Annesi-Maesano et al., 2012). Low ventilation
rates are found to significantly reduce pupils' attention, memory and concentration (Baké-Bird et al.,
2012). Poor IAQ (with CO2 as an indicator) may be attributed in part to overcrowding of classrooms, and
to the constant resuspension of particles from room surfaces due to students’ in-class mobility (Almeida
et al., 2011). Each individual's personal exposure to IAQ must be determined by a combination of the
local outdoor pollutant levels and the different indoor micro-environments to which he/she is exposed
to, and his/her residence time in each (Stranger et al., 2008). The vast majority of these studies have
been conducted in traditional settings, and therefore outcomes may be inadequate for providing design
guidance to an FLE context.

Most studies looking into thermal comfort were conducted within traditional settings, and their findings
indicate that children prefer lower temperatures than predicted by the current thermal comfort
methods that are based on adult subjects, due to factors such as metabolic rate, type of clothing, and
the limited available adaptive opportunities in classrooms (De Dear et al., 2015) (Montazami et al.,
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2017) (Mors et al., 2011) (Teli et al., 2012). Furthermore, the daily school schedule of children includes a
lot of outdoor playing. This variation of activity levels and the strong relationship with the outdoor
climate may also influence children’s thermal perception (Teli et al., 2012). Despite the lower than
normal neutrality, children demonstrated considerable adaptability to indoor temperature variations
(De Dear et al., 2015) (Trebilcock et al., 2017). While these studies have established key findings in terms
of children’s thermal preferences and adaptability, they do have major drawbacks, if we were to seek
design guidance for FLEs. Firstly, the occupants have been considered to be non-mobile and sedentary
for the entire duration of classroom instruction. Secondly, the interior design of the space where these
studies were conducted remains unknown.

Classroom noise is dominated by childrens’ speech and activities, with approximately 20dB(A) difference
between the quietest and noisiest activity. Subjectively, external noise appeared to have little effect on
the internal noise environment (Shield and Dockrell, 2008), whereas internal layout of the classrooms is
considered as an important factor (Shield and Dockrell, 2008). Since most of the noise from the students
will arrive as direct sound or early reflections, adding sound absorbing material is not effective for
reducing student activity noise, as they can only be controlled at the source (Sato and Bradley, 2008). An
assessment of different sized open plan and enclosed classrooms listening environments was conducted
in Australia (Mealings et al., 2015b), and it found that if open plan classrooms are desired, they must
have operable walls that can stay open for group work and other activities that benefit from an open
plan space, but can be closed for critical listening activities (Mealings et al., 2015a), and have at least
6.5m between class bases where there is an open wall (Shield et al., 2010). While considerable findings
have been made within FLE context, further research is required for taking into account the mobility of
occupants, together with the frequency of their movement.

In terms of lighting, the study by (Narayanasamy et al., 2016) indicated that, to perform efficiently in the
modern Australian primary classroom, students require higher than expected levels of optometric-
ability (i.e. in terms of visual acuity and contrast demands), and their visual demands are likely to differ
as compared to traditional settings. In addition, modern classroom technologies were found to present
a variety of visual demands, that significantly differ from traditional printed-material, in terms of
working distances, viewing angle and the font-sizes (Rosenfield, 2011). Similarly, investigations by
(Fotios and Ramasoot, 2010) revealed that disturbing reflections on glossy display screens are the
primary complaints, and simple solutions such as dimming the lighting across a classroom are no longer
appropriate. These studies have established that the FLE occupants will be subject to significantly
different visual demands and concerns, as compared to traditional classrooms. However, findings may
be inadequate for FLEs in terms of optimum spatial configuration, required illumination levels for each
activity zone and the likelihood of visual distractions due to the movement of students and the
proximity of multiple activities, combined with permeable boundaries between adjacent rooms.
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3.2. Key shortcomings of current design and IEQ guidelines:

A review of the ten FLE designs has indicated that a lot of commonalities exist between these spaces, as
they are all designed to support multiple learning activities simultaneously. To enable this process, it has
been identified that all the ten FLE designs possess a combination of the physical and infrastructure
characteristics noted in Table-1 (which includes spaces for individual and collaborative learning, fitted
with permeable boundaries, reconfigurable light-weight furniture, and by heavily embracing technology,
such as writeable surfaces, Interactive Smart boards, Wi-Fi, and hand-held personal devices). Despite
the similarities, the FLEs designs can be considered to be wide-ranging, due to the significant differences
in their spatial configuration. As depicted in Table-4, recommendations from IEQ guidelines have been
addressed adequately by all the FLE designs, except for acoustics. The designs have not addressed the
following acoustic criteria: (1) spatial zoning to assist in separating relatively noisy or quiet activities,
with some form of separation between them; and (2) indoor learning areas designed for acoustic
privacy, from adjacent spaces.

Table 3 Design Layouts of FLEs

Spatial ' B T TR

configuration X o] :
of FLEs <<< ol =|
» - |
. " g siten

(1) Vertical sub-divisions enable changes in layout for multifunctional purposes. (2) Floors are mostly covered
with dark colored carpet for maintenance and acoustic reasons. (3) Ceilings are high and constructed by good
sound absorbing panels. (4) The lighting system is designed as fixed luminaires. (5) Lightweight, modular
furniture includes a variety of seating and desk types, mostly of circular profiles, that can be easily organized
for collaborative and individual studies. and moveable storage units and smartboards. (6) Tables at different
height allow diversity in activities such as standing, sitting on a chair, sitting on floor. (7) Abundant amount of
space per student. Both students and teachers do not have a dedicated fixed workspace. (8) Writable surfaces
such as tables and walls, and moveable smartboards.

Instrumental
dimensions

(1) Smooth surfaces (i.e curved or round shapes) and soft textures (i.e. textile, fabric, carpet) used for
comfort, sense of safety and calm. (2) Bright colors (i.e. green, orange, purple) are used to improve users’
mood and heighten the attention span. (3) The spaces are designed to get more daylight and be more

Aesthetic
dimensions
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spacious and provide students with connections to the outdoor environment.

Symbolic The spatial design and furniture arrangement increase collaborative work and encourage interaction of
students with peers, teachers and technology. Spaciousness, transparency, and a cozy home environment

dimensions
with soft and smooth surfaces are the main characteristics of FLEs.

Designs A and G have all the learning activities happening within a largely open-plan space, with the
least amount of physical separation between noisy and quiet activities, except for the enclosed
withdrawal spaces. However, Design-G also has an “enclosed” presentation area, as opposed to the
“open” presentation area incorporated in Design-A. In comparison, Design-A is likely to attract a higher
rate of noise issues, whilst also having the likelihood of visual distractions and variations in temperature
preferences. To alleviate the acoustic problems in future designs, the design guidelines should be
updated to address the need for providing flexible acoustical features within FLEs, to be able to enclose
noisy activities within large open-plan FLEs, and solutions for tackling direct early reflections from
speech need to be addressed. For visual and temperature preferences, evidence-based guidelines must
be developed, by taking into account the flexible nature of the space, learning activity and the highly-
mobile occupants.
Table 4 IEQ Assessment Summary (of the FLEs against the standard recommendations)

FLEs REFERENCE No. IEQ COMPLIANCE (expressed as a percentage)

THERMAL LIGHT NOISE AIR
Aand G 100% 100% 50% 100%
BandC 100% 100% 50% 100%
D,E F,Hand| 100% 100% 50% 100%

Designs B and C have a very similar spatial configuration, in which the main learning area caters for
individualized, collaborative and teacher-led activities. However, they connect to a common “shared
space” that would be utilised by multiple classrooms, for learning commons and Practical activities.
These shared spaces are separated from the learning space by operable glazed doors. By this way, the
acoustic issues arising from the high-noisy activities have been sealed off the main learning areas, but
visual distractions do exist. To minimise visual distractions, guidelines must provide suggestions for
optimising the arrangement of opaque and transparent elements, within internal walls. Designs D, E, F,
H, | and J seem to have very similar spatial layout, as they have an enclosed and shared “practical
activities area” (PAA), but most of the other learning activities happen within the large open-plan space.
This arrangement is likely to have slightly reduced acoustic issues, as the noise from the PAA is isolated.
However, issues of temperature preferences, as well as noise and visual distractions. The
recommendations provided for Designs A and G would hold good for this batch of designs as well.

4. Conclusion

This study was aimed at identifying potential mismatches between existing IEQ guidelines and the
design of FLEs. While there have been several studies of IEQ in enclosed classrooms, published over the
past 20 years, there appears to be a paucity of data relating to the more recent FLE designs. The
literature indicates that problems concerning all IEQ factors and the consideration of mobile occupants
within flexible learning environments have hardly been addressed in existing literature and guidelines.
This knowledge gap is resulting in insufficient information in addressing the students’ IEQ preferences
and needs in classrooms. One of the key challenges (and knowledge gaps) of implementing different
learning activities side-by-side is to design several zones within the same classroom that do not clash,
especially when it comes to potential temperature variations and acoustic-related issues arising from
the open-plan configuration adopted by FLEs. In addition, the assessment of classroom interior design
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suggests that IEQ issues arising out of FLE configuration are not adequately addressed in current design
guidelines. The study confirms that for this highly mobile cohort of occupants, there is a mismatch
between IEQ guidelines recommended to classrooms, as it tends to overlook students’ non-stationary
state and variety of activities they are involved in within an open-plan environment. The key IEQ issues
associated with the FLEs include high indoor noise levels due to students’ collaborative discussions,
visual distractions due to proximity and direct connections between different activity-settings, and the
likelihood of varied IEQ demands and preferences due to multiple simultaneous learning activities,
combined with the autonomy to move.

The adaptability of existing guidelines is therefore needed to better match the design of contemporary
primary classrooms. Evidence-based guidelines must be developed by conducting field-studies within
primary school learning environments, of both traditional and flexible arrangement. The field studies
must focus on capturing the differences, if any, arising from the changes in the overall interior design of
the classroom. Updating the guidelines should be based on a holistic approach to understanding IEQ
conditions within open-plan classrooms, considering the dynamic interactions between the physical
configuration of the space and students’ mobility. Field studies will be conducted in selected schools, to
reinforce the above findings with in-situ observations.
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