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ABSTRACT

The use of atria for students’ informal learning activities is becoming a common architectural
design strategy in contemporary higher education buildings, especially in dense urban settings.
However, while researchers have focused on the relationship between students’ perception,
preferences and behaviours in social learning spaces, the spatial attributes themselves tend to
be neglected in the literature.

By exploiting digital spatial analysis tools, this paper uses the parameters of ‘viewing volume’
and ‘viewing area’ to compare the spatial openness of different spaces within an atrium in a
higher education institution. Timeframe capture and interviews are also employed to record the
distribution of student activities. The spatial attributes of the atrium and the distribution of
student activities are analysed to explore links between the two. The results indicate that the
viewing volume in the two-storey-height space is the highest, while viewing area in the
staircase space is the highest. These spaces tended to coincide with higher frequencies of ‘see
and be seen’ activities, such as students waiting and looking around (71.54% and 56.32%
respectively). The standard deviations of the mean viewing volume and viewing area are the
greatest in the three-storey space, suggesting a diversity of spatial openness. This coincided
with the highest frequency of activities that require social interactions, such as gathering and
group study (92.40% and 58.10% respectively). These findings suggest that spatial openness
can impact student activities in an educational setting, and an atrium specifically. These novel
methods also open new horizons for interpreting spatial structure in architecture.

Keywords: Spatial Openness; Student Activities; Social Learning; Visibility Analysis; 3D
Isovist; Atrium Space



1. INTRODUCTION

Historically, the use of atria evolved with the development of cast-iron structures and the rise
of tall buildings in the late 19" century [1]. The inclusion of atria was often to overcome the
lack of natural light within deep-plan and complex buildings. Some of the earliest examples
are the ‘quarter block buildings’ of Chicago, which used inner light courts to provide access to
daylight and ventilation in early skyscraper designs. The Rand McNally Building (1890),
Railway Exchange Building (1904), and People’s Gas Company Building (1911) are typical
examples [2]. Atria are also integrated into contemporary vertical building designs in dense
urban settings due to the potential environmental benefits they offer [3]. Consequently, a
significant body of research has focused on their environmental impacts, including daylighting,
ventilation, thermal properties, fire performance, etc. [4-10]. Beyond this, the atrium has
proven important in establishing a positive image, increasing a user’s sense of spaciousness,
and enhancing occupant experiences and comfort within a building [11,12]. Atria can also help
to create social value and visual communication between floors through their role in shaping
socio-cultural meaning and creating a sense of place in different contexts [13—16]. In summary,
atrium spaces can provide not only environmental benefits, but can also promote visual
perception and vertical movement between floors, facilitating physical activity and social
interactions.

The contemporary design of education institutions is increasingly including social spaces to
improve the quality and experience of the learning environment, and to enhance informal
learning. Such spaces are attractive to students who often spend relatively small amounts of
time in formal learning spaces such as lecture theatres, and greater amounts of time in more
social and informal environments. Meanwhile, learning is increasingly being seen as a social
process, often characterised by students actively seeking discussions with their peers,
ultimately contributing to a deeper learning experience [17,18]. Such social interaction requires
supportive spatial environments that can foster such experiences. Consequently, different
models are evolving in the design of multi-storey educational buildings, include student hubs,
streets, terraces and more. The use of atria in educational institutions is becoming popular for
similar reasons. Education buildings have a need for assembly spaces and significant
circulation between formal and informal teaching environments. However, they are
increasingly combining such spaces with eating facilities (such as cafes) and relaxing spaces
(such as lounges) in an atrium environment, to provide for hybrid activities including social
learning [18-20]. The atrium represents perhaps the most dramatic spatial evolution of
educational settings developed to support the growing importance of informal learning and
social activities [17,21]. With increased densities in cities and higher costs of urban land
fuelling more vertical educational facilities, from junior schools to universities, there are now
many notable examples of atria in educational settings internationally. These include The New
School University Centre in New York, the Diamond in Sheffield, Innovation Tower of
Polytechnic University in Hong Kong, and Orestad College in Copenhagen (see Figure 1).
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Figure 1. The atrium of Orestad College [22].

Given the increase of social and informal learning spaces, research is emerging to explore the
influence that their spatial attributes have on student activities and behaviours. For instance,
research has examined the relationship between user behaviour, visual comfort perception, and
energy use in formal and informal learning spaces in Portuguese schools, including atria spaces,
corridors, stairs and classrooms [23]. Others have shown how visiting informal learning spaces
in a museum mitigated the isolating effect of digital learning on students [24]. Crook and
Mitchell used audio diaries, direct observation, reflective focus groups and spot conversations
to understand how students use social and informal learning spaces in a university library in
the UK [25]. Their research examined how the nature of student work, activities in the space,
noise, technologies and other factors influenced student behaviour. The findings suggested that
students valued the space’s ‘social ambience’ and the importance of being participants in a
studying community. But the space was a basement area, and not comparable with multi-storey
social learning spaces emerging in dense urban areas, as outlined previously. Some research
has used space syntax tools to examine these issues. For instance, VGA analysis, convex
analysis and axial analysis has been used along with snapshots and gate counts to show
circulation spaces are essential to informal learning in architecture schools as they promote
frequent casual interactions [26]. However, in general, research in this field is limited,
particularly considering the emerging trend of atrium spaces. For instance, Sailer noted that:

“knowledge on the relationship between spatial configuration and social processes
in school buildings, such as teaching, learning, gaining knowledge, interacting, playing
and socialising is rather limited as a whole, relying on a small handful of isolated
studies.” [27]



1.1 Visibility analysis of the built environment

Contemporary computer technology has enabled the development of tools for the simulation
and analysis of complex architectural spatial forms. The concept of visualscapes is defined by
Llobera [28] as a “spatial representation of any visual property generated by, or associated
with, a spatial configuration”. To some extent, visualscapes are similar to the concept of
‘spatial openness’. Spatial openness can be defined as the volume of free space measured from
all possible observation points, and is seen as an important quality indicator of spatial
configurations in the built environment [29]. Spatial openness represents a user’s feeling of
space, and can have an influence their perceived density [29,30]. Visualscapes then focus on
the spatial attributes while spatial openness reflects an individual’s perception of the space.
Visualscapes encompasses analytical techniques such as intervisibility, viewsheds, isovists and
visibility graphs. In built environments, visibility analysis is a practical metric which draws
upon the knowledge of computing science [29,31,32] and space syntax theory [33,34].

Increasingly, the application of Geographic Information Systems (GIS) is considered an
effective way of evaluating visibility in a large-scale area. GIS has been utilised within
buildings by many researchers using various tools [31,33-37]. Its application is, however,
limited due to its inability to refigure more accurate and complicated interior spaces. In order
to overcome these limitations of a raster-based lattice structure model, existing commercial
software, such as Ecotect or Geoweb 3D, can be used for vector data-based visibility analysis
[38,39]. Given the increasing capability to run sophisticated 3D analysis, the misrepresentation
of analytical processes and results is a real risk. Isovist research has, however, provided a way
to overcome this [40]. The isovist is defined as the volume of space representing the visual
field of an observer from a specified origin [41]. Originally conceptualised and proposed by
Tandy, the isovist technique has been widely used to compute visibility and spatial analysis in
the fields of architecture and geography [42]. By providing a description of the space “ ‘from
inside’, from the point of view of individuals, as they perceive it, interact with it, and move
through it”, isovist generation is an illuminating way of understanding a spatial environment
[31]. Benedikt has introduced a set of analytic measurements of isovist properties to be applied
to achieve quantitative descriptions of spatial environments [43]. Other researchers have built
on this to define spatial openness as “the volume of free space measured from all internal
observation points” [29]. In other words, spatial openness can be analysed by considering the
‘visible volume’ from a location, before it is simplified into an “isovist polyhedron” (see Figure
2 upper and lower left). Isovist fields are generated by producing multiple isovists at regular
intervals within a defined space, then using the results to produce a field representing the sum
attributes of the generated isovists [41,44]. Attributes represented by the fields can include
metrics such as the isovist area and perimeter.



Figure 2. Isovist application in the interior built environment.
Isovist polyhedron in the plan view (upper left); and section view (lower left); the volume of the red polyhedron
represents the viewing volume of point p and the area of the red polyhedron represents the viewing area (right)

Following this idea, the visibility analysis of a 3D interior built environment is much easier to
compute [45,46] and spatial openness can be measured using the viewing volume and/or the
viewing area (see Figure 2 right). The viewing volume represents the visual volume available
to people at a specific point in the space, whilst the viewing area represents the spatial
superficial area of visual field and the amount of visual information that can be captured by a
person within the space. While clearly interrelated, both are considered individually as metrics
of spatial openness in 3D interior built environment in this paper. The greater the viewing
volume or viewing area, the greater the spatial openness of the space. Recent developments
have demonstrated a successful shift to truly 3D analysis using 3D voxel representations of the
environment [32,48]. These quantitative methods are applicable in the built environment but
have neither been fully developed nor tested in previous research on atria. The impact of
different ceiling heights has also not been explored in the visibility analysis of atria.

1.2 The evaluation of social learning spaces in educational buildings

A key aspect of contemporary learning is social interaction. However, it is not simple to
exclusively separate students’ social activities from formal learning activities, particularly as
both forms of peer-to-peer engagement often take place in the same physical settings [17].
Indeed, informal learning and socialising activities can be considered as a combined student
experience in social learning spaces. Research on how to evaluate learning spaces, such as that
by Bligh and Pearshouse [49], identifies such difficulties:

“Evaluating spaces in terms of pedagogic intent is difficult because such intent either
was never explicit in the mind of the designer or evidence of the intent was not available
to the evaluators.” [50].

In order to evaluate learning spaces, seven models have been established: Demand model;
Outcomes model; Satisfaction model; Scenario provision model; Activity support model;
Spatial ecology model; and the Brand model [49]. Existing research on social learning spaces



has generally examined student experience by utilising one or more of these models based on
environmental behavioural theory [25,51-53]. There is some existing research exploring how
the spatial attributes of social learning spaces can shape student activities through space syntax
[26,27,54,55]. However, research into the social activities in atria, and how the influence of
spatial openness impacts such activities in an educational setting, remains unexplored.

In summary, we can see that atrium spaces are becoming a common architectural typology in
contemporary education institutions, particularly in dense urban environments. Typically, such
spaces are designed to provide a social setting, for informal learning activities. Spatial openness
has been described as an “important quality indicator” of spatial configurations [29], but, there
is limited research on the spatial openness of atria spaces, and in particular, the potential impact
this characteristic has on students’ social learning activities in an education setting. With all
this in mind, this study has two objectives:
1. To demonstrate a computational method to determine the spatial openness of different
spaces within a multi-storey atrium space in an educational setting; and
2. To explore the impact spatial openness has on students’ social learning activities within
different areas of the atrium.

In order to achieve this, the viewing volume and viewing area (key measures of spatial
openness) were simulated and measured for different spaces with different ceiling heights in
an atrium. Then, student activities in the social learning spaces were recorded through
observational analysis. The value of the viewing volume and the viewing area and the
frequency of student activities occurring in the atrium were then compared to identify potential
relationships. Finally, interviews were used to further explore the relationship between spatial
openness and student activities.

2. METHODOLOGY

According to Environmental Behaviour Theory, there is a strong correlation between human
behaviour and space [56]. In the context of this research, this relationship is explored through
a case study and mixed methods design, including quantitative and qualitative methods. This
methodology is graphically displayed in Figure 3 which outlines the primary research questions,
data measured, and research methods used. Details are described in sections 2.2 and 2.3. The
selected case study building is the Telford Exhibition Hall at the University of Nottingham, in
the UK. Quantitative methods, including observation and QGIS, were employed to understand
the student social and informal learning activities taking place within the Telford Exhibition
Hall. Simulations and statistical analysis were employed to examine the spatial openness of the
atrium, via measurements of viewing volume and viewing area. Finally, interviews are used to
obtain an in-depth understanding of the occupants and their behaviours.
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Figure 3. Research Design

2.1 Description of the case study building

The building chosen as a case study for this research was the Telford Exhibition Hall. This is
a link space between the ‘Coates Building” and the ‘Pope Building’ at the Faculty of
Engineering, University of Nottingham, UK (see Figure 4). It has a hybrid functions as a
circulation space, café, and multi-disciplinary social informal learning space. It was chosen for
this study due to its accessibility to the research team, the opportunity to install monitoring
equipment across several weeks, its architectural configuration accommodating an atrium
space reflective of contemporary practice, and its role in hosting a range of social informal
learning activities.
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Figure 4. The Floor Arrangement of Coates Building, Telford Exhibition Hall and Pope Building
Source: Estate Office at the University of Nottingham and adapted by Author

The Telford Exhibition Hall consists of a three-storey atrium with two partial upper floors
accessible from a central staircase. The ground floor contains a small café, with hard floors.
Large curtain-wall glazing spans the east and west fagcades, with the Coates Building to the
north, and the Pope Building to the south (see Figure 5). Ceilings are timber planks, and the



main mezzanine is hung from above by a tension system. On weekdays it is freely open to
students, staff, and others whilst access at other times is controlled by university identification
cards (which all students and staff have).

Figure 5. Telford Exhibition Hall, interior photo of mezzanines
Source: Photo Taken by Author

As shown in Figure 6, the three-level atrium can be divided into four basic zones, organised
around different ceiling heights. The yellow area on level A is a triple-height space; the purple
area on level B is a double-height space; the red area is the staircase; and the green area spans
across three levels and consists of single-height spaces.
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Figure 6. Telford Exhibition Hall: Organisation of space according to different ceiling heights



2.2 Measuring Spatial Openness: Simulation parameters and procedure

The simulation of three-dimensional isovists was generated using Grasshopper software
through an algorithm [57]. Inspired by the definition and the algorithm of a single isovist, the
viewing volume (in green in Figure 7) visible from a given point P, together with a specification
of the location of point P, were used as shown in Figure 7. For this research, an eye level of
1,700mm above ground was chosen (see Figure 8 left). Some views will be obstructed by
physical characteristics, such as the floors and stairs. Starting from the eye-level point of this
imaginary person and ending at the Boundary Representation (BRep) which consists of the
floors, walls, etc, numerous rays were drawn as shown in Figure 8 (middle). The total length
of all the line segments was then calculated. At the same time, the minimum length, the
maximum length and the average length, were generated and the line segments were set to start
at a point and end at a hexagon. This determined the total volumes and basal areas of hexagonal
pyramids (Figure 8 Right). The total volumes of hexagonal pyramids represent the viewing
volume of the point of view of an individual. The average value of the viewing volumes
measured from all internal observation points can be defined as one of the spatial openness
indexes within the same ceiling height. Similarly, the total basal areas of hexagonal pyramids
represent the viewing area. The average value of the viewing areas measured from all internal
observation points, was also defined as one of the spatial openness indexes within the same
ceiling height. The viewing volume is a measure of the space and the viewing area is a measure
of the boundary. These two metrics are key to understanding spatial openness. However, the
numerical value of the viewing volume and viewing area themselves have no absolute value.
Instead they have a relative value when alternative spatial configurations are compared.
According to 2D isovist analysis strategy [37], an isovist is a physical body bound by a closed
polygon; hence it has geometric properties such as area and length of perimeter. Here, the total
volumes and basal areas of hexagonal pyramids were calculated as two key elements to
evaluate the 3D isovist.

Figure 7. Methodological calculation and illustration for determining the space visible inside a given BRep file
from a specific viewpoint. The top part of the figure presents an example for defining the boundary (BRep) and
the viewpoint within it as determined by Grasshopper. [58]



Figure 8. A point on the ground floor which represents a person who has an eye level 1,700mm above ground
(Left); Rays starting at the point and ending at BRep (Middle); Hexagonal pyramid analysis (Right)

In order to minimise the error range, the location of a point is set to satisfy the requirements of
the spatial limits. A 550mm x 550mm grid is set across the floor spaces, to represent the
different points where people can be located. To accommodate the edges of the space, for
example the width of handrails around the mezzanines, a 200mm offset is included to obtain
clean grid points representing real user positions. An isovist analysis was run for each grid-
point in all of the spaces. In total, 3,332 points were calculated and analysed.

In order to justify the use of hexagonal pyramids to calculate the viewing volume and the
viewing area, we can consider a point (p) in a cube (see Figure 9). Starting from point p, a
typical ray ends at the bottom of the cube (p;). If the hexagonal side length is a and the length
of p-p; is hi, the basal area of hexagonal pyramids (S;) is equal to (3/2) x \V3a/?, and the volume
of hexagonal pyramid (¥;) is equal to (1/2) x \3a;?h;. The total viewing area (1) has a positive
relationship with the square of hexagonal side length (a?) and the value of n’. For best
accuracy, the value of ‘a;’ closest to zero and the value of %’ tends to a positive infinity. In this
case, the total viewing area approximately reaches the value of the superficial area of the cube.
That means, no matter what the shape of the basal area is, the value of total viewing area has
no significant impact on it.

Total viewing area ),/ S; =S1 +S2+ ... + Sn
=(32) x V3 (a2 + a2 + ... +and)
=(3/2) x 3 XL, a;? (1)

Similarly, the total viewing volume has a positive relationship with the square of hexagonal
side length (a;?), the value of 7’, and the ‘4p’. For best accuracy, the value of ‘a;” closest to
zero and the value of n’ tends to a positive infinity. In this case, the total viewing volume
approximately reaches the volume of the cube. That means, no matter what the shape of the
basal area is, the value of total viewing area has no significant impact on it. So effectively the
hexagon was chosen for simplicity of calculation, although it could also be either a square or a
circle.

Total Viewing volume };/-, V; = V1+ V2+ ... +Vn
= (1/2) x V3 (ai?h; + a’hy + ... + a,2hy)
=(1/2) x 3 ho X7, a;> )

‘p-p1’ is the ray starting from p and ending at p;. ‘p-p>’is a ray next to the ray p-p;’. In terms
of the intersections within hexagonal volumes, due to the value of p;-p> (3) approaching to zero,
ideally, when the value of n’ is closest to positive infinity, the value of p;-p>’ is closest to
zero. This means that the intersections within the hexagonal volumes is approaching zero.

pi-p2 = (1/2) x V3 (a1 + a2) — 0+ (3)

10
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Figure 9. The use of a hexagonal pyramid to determine viewing volume and viewing area

The characters of the standing points presents sets of measurements: X-axis, Y-axis, Z-axis,
Volumes (V), Areas (A), Standard Deviation (SD), Minimum Length, Average Length,
Maximum Length and Average (True) Length (see Table 1). The X, Y and Z-Axis represent
the three point coordinates. Volumes and Areas represent the sum of volumes and basal areas
of hexagonal pyramids, respectively, whilst Length is the length of the segment. The Average
Length and Standard Deviation are calculated for different ceiling heights. The data is
generated and transferred into MS Excel documents. The Analysis of variance (ANOVA) was
used to examine the significant differences of different ceiling heights upon the mean volume,
mean area and their standard deviation, respectively. This tool helped to inform the research
through the collection of statistical models used to analyse the differences among group means
and their associated procedures (such as “variation ” among and between groups). The data of
viewing volume and viewing area are imported into SPSS statistics software for further
ANOVA analysis.

Table 1. Data collection example for the spatial elements of the Telford Exhibition Hall

.. . Average

ais YA G0 v A sp MO et Lengh (1)
Length

{12375.0 13449 1700.0} 3248.314 844.3935 844.3935 1700 6720 20985 6229
{16917.0 10077 1700.0} 4186.544 1002.238 1002.238 757 5155 20455 4428
{14062.0 9632 1700.0} 2630.451 737.6708 737.6708 1341 5999 19442 5569
{3575.0 9891 1700.0} 2961.451 763.9923 763.9923 856 4588 20499 3853
{3090.0 9835 1700.0} 3793.21 931.1944 931.1944 371 4286 20897 3488

2.3 Measuring Student Activities: Observations and Interviews

In order to create better social informal learning spaces, it is imperative that designers, planners
and managers understand what people actually do in such environments. This is because
learning experiences range from structured, formal, teacher-led experiences to moments of less

11



structured, peer-to-peer, informal or self-directed learning [59]. Student activities vary and can
be classified based on both socialising and informal learning activities [61]. According to this
classification, individual study and group study are informal learning activities whilst phoning,
gathering, looking around, eating, and waiting are considered social activities. In this research
these seven different activities were defined as such. Individual study activities were defined
in two ways: 1) studying individually: students sitting down individually for a prolonged period
of time for reading, writing, or using their laptop; and 2) intermittent exchange: whereby
students convene for independent study that permits an occasional and improvised to-and-fro
of questioning or commentary [25]. Group studying activities were defined as students’
studying clearly in a group setting. Phoning activities were defined as students using their
telephone for making a voice or video call. Gathering activities were defined as people
gathering together for a clear purpose, such as volunteers gathering together for a training
session, and clearly distinguished from more serendipitous encounters. That is, when you meet
a friend or someone you know, but neither of you planned to meet. Looking around activities
were defined as someone walking around without a rush or strong purpose. They seem
unfamiliar with this space and keep looking around. Eating activities were defined as people
eating or drinking. Different from gathering activities, waiting activities in this research were
defined as two or three students, who meet together inside the atrium and then leave together.
These activities clearly include a degree of perception and interpretation by the observer, and
in this research are subjectively assessed.

Student distribution within the space objectively reflects the location of students when they
undertake these behaviours within the space. In this research, the data on student distribution
and activities was collected over a one-week period (from 8% to 14" of February 2018).
Observations were captured using snapshot and gate counting. As the spaces of Telford
Exhibition Hall are organised around a three-storey-height atrium, one capture point was
discreetly selected as a vantage point inside for the monitoring the activities. The locus of the
snapshot is located on the A floor in the corner of the Atrium (see Figure 10), which could
capture the maximum allowable view. Panoramic photographs were used to capture broad and
substantive views of the atrium space, and the activities within (see Figure 11). These were
taken every two minutes across six hours (8 am — 10 am in the morning, 12 pm — 2 pm in the
middle of the day, and 4 pm — 6 pm in the afternoon). These parameters were determined by a
two-week pilot study undertaken between the 11" to 17" and 25 to 31%t of January 2018. The
pilot study was set up to test the optimum camera position and snapshot frequency to capture
student behaviours. Photographs every one minute, two minutes and five minutes were trialled
in the pilot study, resulting in every two minutes being chosen as the right balance between the
number of shots and the details of the activities.

12
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Figure 11. Panoramlc views of individuals’ activities in the Telford Exhibition Hall from the vantage point
(the upper photo taken in the morning; the middle photo taken in the midday period; the lower photo taken in
the afternoon) Source: Photo Taken by Author

In total, 900 pictures capturing 4,917 individuals were collected as primary data. Twelve
individual activities were excluded due to difficulty in identifying the specific student activity
being undertaken. In the photographs, the number of students, their locations in the plan and
their types of activities were recorded and analysed. This data was analysed using QGIS
Software, which has been widely used to analyse human behaviours in the built environment
[62,63]. To ensure participant confidentiality and anonymity, the primary data collected was
saved using online 360 network disks and then regenerated into mapping profiles and drawings.

In addition to observations, face-to-face semi-structured interviews were also conducted.
Fifteen students using the space were individually interviewed. These students were informally
approached, and the interviews covered three key topics: background information, frequency
and activities of use of the space; and student perceptions of spatial openness in the atrium. All
the records were scripted into Microsoft Word and analysed using NVivo software. A copy of
the interview questions is outlined in Appendix A.

14



3. RESULTS
3.1 Viewing volume and viewing area

The measured viewing volume and viewing area were divided into four categories according
to the different ceiling heights as outlined in the methodology: one-storey-height space; two-
storey-height space; three-storey-height space; and the staircase space. Table 2 indicates the
mean value and standard deviation of the viewing volume and viewing area for each of these
four spaces. The output of ANOVA analysis is shown in Table 3 and the Least Significant
Difference (LSD) Multiple Comparisons are shown in Table 4.

Table 2. Description of the viewing volume (m?) and viewing area of the Telford Exhibition Hall (m?)

Ceiling height Mean Volume SD Mean Area SD
One-storey-height space 3029.94 989.19 709.54 157.84
Staircase space 3214.12 287.71 951.03 81.60
Two-storey-height space 3255.71 373.46 869.30 79.96
Three-storey-height space 3229.11 1319.26 787.20 213.82

Table 3. The output of ANOVA analysis (df: Degree of freedom; F: F value: Sig.: p value)

Sum of Squares df Mean Square F Sig.
Viewing Between Groups 6361552.764 3 2120517.588 2.884 .035
Volume Within Groups 585300042.300 796 735301.561
Total 591661595.100 799
Viewing Area  Between Groups 6507012.215 3 2169004.072  103.675 .000
Within Groups 16653306.290 796 20921.239
Total 23160318.500 799

Table 4. LSD Multiple Comparisons Table

D\sgfir;g?:t (D) Ceiling Height Space (J) Ceiling Height Space Mean Difference (I-J) Sig.
Viewing Staircase space One-storey-height space 184.18854* .032
volume Two-storey-height space -41.58303 .628
Three-storey-height space -14.98923 .861

One-storey-height space Staircase space -184.18854* .032
Two-storey-height space -225.77157* .009

Three-storey-height space -199.17777* .020

Two-storey-height space Staircase space 41.58303 .628
One-storey-height space 225.77157* .009

Three-storey-height space 26.59380 157

Three-storey-height space Staircase space 14.98923 .861
One-storey-height space 199.17777* .020

Two-storey-height space -26.59380 57

Viewing Staircase space One-storey-height space 241.49792%* .000
area Two-storey-height space 81.73465* .000
Three-storey-height space 163.83572* .000

One-storey-height space Staircase space -241.49792* .000
Two-storey-height space -159.76327* .000

Three-storey-height space -77.66219* .000

Two-storey-height space Staircase space -81.73465* .000
One-storey-height space 159.76327* .000

Three-storey-height space 82.10107* .000

Three-storey-height space Staircase space -163.83572* .000

15



One-storey-height space 77.66219* .000
Two-storey-height space -82.10107* .000

In terms of viewing volume, there was a statistically significant difference between the
different spaces as determined by one-way ANOVA (F (3,796) = 2.884, p = .035) (see Table
3). An LSD test revealed that the viewing volume was statistically significantly greater in the
staircase space (3214.12 +287.71 m?, p = .032), the two-storey-height space (3255.71 +373.46
m?, p =.009), and the three-storey-height space (3229.11 + 1319.26 m?, p = .020) compared to
the one-storey-height space (3029.94 + 989.19 m?®). There was no statistically significant
difference between the viewing volume in the staircase space and the two-storey-height space
(p = .628). There was no statistically significant difference between the viewing volume in the
staircase space and three-storey-height space (p = .861). There was no statistically significant
difference between the viewing volume in the two-storey-height space and the three-storey-
height space (p =.757).

Surprisingly, the mean viewing volume in the three-storey-height space of the Telford
Exhibition Hall (3229.11 m?) was not the greatest. Instead it was the two-storey-height space
which had the greatest mean viewing volume (3255.71 m?®). In addition, the differences in
viewing volume in the three-storey-height space were significant (SD = 1319.26 m?). That is
to say, the three-storey-height space is a dramatic place where people experience different
perceptions of spatial openness.

In terms of the viewing area, there was a statistically significant difference between the groups
as determined by one-way ANOVA (F (3,796) = 103.675, p = .000) (see Table 3). An LSD
multiple comparison revealed that the viewing area in the one-storey-height space (709.54 +
157.84 m?, p=.000) was statistically the lowest while the viewing area in the staircase space
(951.03 + 81.60 m?, p=.000) was statistically significantly greater than the others. The viewing
areas between different ceiling height spaces had a statistically significant difference (see Table
4).

The greater the viewing area is, the more information that can be captured by a person within
the Telford Exhibition Hall. That is, the more information on BRep (like floors, walls, etc) can
be noticed by the viewer. Again, the mean viewing area in the three-storey-height space of the
Telford Exhibition Hall was not the greatest, compared with the others. As shown in Table 2,
the staircase space had the greatest mean viewing area of 951.03 m?. However, the differences
in viewing area in the three-storey-height space were most significant (SD = 213.82 m?).

3.2 Distribution of student activities

The observations captured seven types of the student activities in the Telford Exhibition Hall:
phoning; individual study; looking around; waiting; gathering; group study; and eating. The
distribution of student activities in the Telford Exhibition Hall was captured by snapshots and
gate counting. The data was analysed by QGIS software and the total number and percentages
of different activities occurring in different spaces are presented in Table 5. As a whole, the
Telford Exhibition Hall is a typical blended social learning space, where 45.6% of the activities
can be defined as informal learning, and 54.4% as social activities. The frequencies of phoning
(43.61%) and looking around activities (56.32%) were the greatest in the staircase space, whilst
the frequencies of individual study (71.47%) and waiting (71.54%) were greatest in the two-
storey-height space. The frequencies of gathering (92.4%), group study (58.10%), and eating
activities (83.42%) were greatest in the three-storey-height space.
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Table 5. Measures of spatial openness and activity distribution in the Telford Exhibition Hall. The highlighted
cells refer to the highest value recorded.

One-storey-height Two-storey-height Three-storey-height

Staircase Space

Space Space Space

Mei‘;l‘l’;‘zmg 3029.94m? 3214.12m 3255.71m? 3229.11m?

Mea‘;;’ézwmg 709.54m? 951.03m? 869.30m? 787.20m?

V(‘)’lfgénsgl) 989.19m? 287.71m’ 373.46m’° 1319.26m?

View;%’ area 157.84m? 81.60m> 79.96m? 213.82m?
Activit No. of Percent slt\IO(i:lft Percent No. of Percent No. of Percent

ctvity students (%) us (%) students (%) students (%)

Phoning 14 3.37% 181 43.61% 88 21.21% 132 31.81%
Individual study 154 11.94% 0 0 922 71.47% 214 16.59%
Looking around 49 25.79.% 107 56.32% 0 0 34 17.89%
Waiting 28 21.54% 0 0 93 71.54% 9 6.92%
Gathering 0 0 0 0 38 7.60% 462 92.40%
Group study 88 9.31% 123 13.02% 185 19.58% 549 58.10%
Eating 29 2.02% 29 2.02% 180 12.54% 1197 83.42%

4. DISCUSSION

4.1 Relationship between spatial openness, waiting and individual study in the two-storey-
height space.

The simulations demonstrated that the mean viewing volume in the two-storey-height space
was the highest. This space also has the second highest viewing area, a further measure of
spatial openness (Table 5). Based on observations, over 71% of waiting activities took place in
this space. It is suggested that students preferred to wait for their friends on this mezzanine
space, next to the staircase, as it provides a significant sense of spatial openness. Indeed, in an
interview one student noted that:

“...it’s just a good point [for] meeting people because...whatever floor you are on,
you can kind of spot, like, bigger areas... You can find people who are in this area.”

Observational analysis suggested that students regularly waited for their friends on the platform
next to the staircase. Standing on level B within the two-storey-height space, they were more
likely to be seen by others. The mean viewing volume as an individual figure has little value,
but its value is apparent as a comparative metric. Compared with the other spaces, the two-
storey-height space provides a more open feeling as well as good visual access to the entirety
of the atrium.

Meanwhile, over 71% of the individual study activities were also observed in the two-storey-
height space, also located on the floor B. However, in this instance, it is suggested the
frequency of individual study in this space is more related to its functional arrangement than
the viewing volume. Level B also includes a small but dedicated studying space, with two
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tables. This is perched above the busier ground floor spaces, limiting footfall past the tables,
and thus minimising noise and distractions.

4.2 Relationship between spatial openness and looking around on the staircase.

The mean viewing area on the staircase space was the highest of the four areas studied. This
demonstrates that the visual field on the staircase space was the highest. That is to say, students
capture more spatial information here than in the other spaces in the atrium. The staircase space
is mainly functional, used for vertical movement between the three floors. As such, it has no
space for furniture, which means there is limited physical opportunities for students to study,
wait, or gather with peers. Subsequently, no observations of these activities were captured.
However, as the space with the greatest viewing area, it is ideal for capturing the most visual
information and the highest number of looking around activities were observed here (56%). As
one student noted:

“Yeah, I do like it though, especially when you are at the top and you can see
down...you know, look downstairs.”

This means that the two activities with the greatest desire for students to ‘see and be seen’ (that
is, looking around and waiting), were observed most frequently in spaces with the highest
viewing area or viewing volume, both measures of spatial openness. In addition, there is a
three-storey high painting located in the northeast of the atrium which acts a visual focal point
for both students and visitors. This is best viewed from the staircase, and the two-storey height
space. Such findings are consistent with the spatial benefits of atria identified in the literature
— both generally, and specifically in terms of educational institutions. That is, atria provide
visibility and visual access in multiple directions, allowing occupants to spatially orientate
themselves in terms of their relationship to the building, its activities and to other occupants
[14]. As Newton notes in a discussion on vertical schools in Australian cities:

“This movement across levels [in an atrium] makes learning visible, by providing
glimpses into different learning environments...An atrium also helps with orientation

and offers alternative social spaces to make up for the reduced connection to outdoor
areas.”’[64]

4.3 Relationship between the standard deviations of the mean viewing volume and viewing
area and gathering and group study activities in the three-storey-height space.

Surprisingly, despite having the highest ceiling height, the three-storey space in the Telford
Exhibition Hall did not have the greatest mean viewing volume or viewing area. However, the
statistical analysis showed that the standard deviations of both the mean viewing volume and
viewing area were the greatest in this space by a significant margin, being 1,319.26 m? and
213.82 m? respectively (see Table 2). This indicates that the diversity of viewing volume and
viewing area is the highest in this space. Meanwhile, from the observational analysis, it can be
seen that gathering (92.4%), eating (83.42%) and group study (58.10%), occurred more
frequently occurring in the three-storey-height space of the atrium.

It is likely these activities were also influenced by a variety of moderating factors that have not
been directly measured in this study. These include furniture, lighting, acoustics, materials, etc.
In particular, eating is popular in this space due to the proximity to the café and vending
machines at level A. However, the interviews suggested that spatial openness played a role in
some students’ choice of activities in this space. For instance, one student responded that they
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considered, that the spatial and visual characteristics of the space had no bearing on how they
used it:

“I think [the spatial openness] doesn’t influence it [my activities].”

However, other students acknowledged the diversity of spatial openness available to them in
the three-storey space, and how it impacted on their activities:

)

“[I’'m using the three-storey space] because it’s more open, and has more choice.’

“I think personally I prefer to sit someplace with a low ceiling height. If [ move around
the [Telford Exhibition Hall] or something like that... then I prefer open spaces with
higher ceilings. That is my preference.”

To some extent, this diversity of spatial openness in the three-storey space indicates an
inclusivity that allows different people to experience and undertake different activities within
the space in different ways. Other research has shown that flexibility and diversity is important
in social informal learning spaces in a number of ways. These include the flexibility of furniture
allowing students to adapt their physical environment to different preferences and tasks, the
desire for a mixture of privacy and openness, quietness and spaces for more animated
conversations [18,25]. This research extends and complements existing research by suggesting
that the diversity of spatial openness can also have an influence on student activities, and in
particular, activities that require a level of social interaction such as gathering and group study.

S. CONCLUSIONS

With increasing urbanisation and the densification of cities, vertical education institutions are
likely to become more common place [55,65,66]. Indeed, burgeoning inner-city populations
require education facilities, and with increasing costs of land, low-rise schools and universities
are neither economically nor sustainably feasible in many high-density environments. The
multi-storey education buildings emerging increasingly use atria as an architectural strategy to
provide social-informal learning spaces, but there is limited research on how the spatial
qualities of these atria impact student behaviour and activities. This research attempts to fill
this gap, by using a methodology that combines spatial simulation, observational analysis and
student interviews.

The methodology itself contributes to the field by providing a mechanism to evaluate the spatial
openness of an atrium through the use of parametric tools. The total volume and basal area of
hexagonal pyramids are measured from multiple points within an atrium, representing the
position of an occupant — in this case a student. Total volume represents the viewing volume,
the visual volume available to a person at a specific point within a space. The total basal area
is a measurement of the viewing area, representing how much information can be visually
captured by a person within the space. Viewing volume and viewing area are interrelated but
independent ways of measuring a space’s spatial openness. ANOVA analysis was used to
statistically interpret the data, allowing for a comparison with observational analysis of student
behaviours in the space and semi-structured interviews with students.

The application of these methods was used to understand the Telford Exhibition Hall, a three-
storey atrium and social informal learning space at the University of Nottingham, UK. The
results showed that the two-storey space in the atrium had the highest mean viewing volume,
whilst the staircase had the highest mean viewing area — thus both had a relatively high spatial
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openness in comparison with the other spaces. Meanwhile, the three-storey-height space had
the greatest standard deviation of mean viewing volume and viewing area, and thus the most
diverse spatial openness. Observations showed that waiting (71.54%) and individual study
(71.47%) activities were the highest in the two-storey space, looking around (56.32%) was the
highest in the staircase space, and gathering (92.40%), group study (58.10%) and eating
(83.42%) were most frequent in the three-storey space. These results suggest that the spatial
openness can have an impact on student activities. In particular, two main findings are
highlighted as valuable for those who research or design such spaces:

1. Greater spatial openness (i.e. higher viewing volume and/or viewing area) can promote
a sense of ‘see’ and ‘be seen’ for students and occupants, and thus facilitate more
waiting and looking around activities. Higher levels of spatial openness also enable
students to visually orientate themselves, see others and their surrounding activities,
and to be seen by friends and peers in what is often a complex building typology.

2. The diversity of spatial openness within a particular space or zone may influence the
frequency of student activities that require social interactions, such as gathering and
group study. A higher diversity of spatial openness provides a flexibility of spatial
experience, allowing different students to inhabit the space in different ways, depending
on mood, tasks, and experiences. Research has shown that flexibility is important in
social learning spaces, in terms of layout and furniture for instance [18,25]. Here it is
suggested that such flexibility can also be considered important in terms of spatial
openness. The ‘stacked floorplate’ model of multi-storey buildings, where every
floorplate is essentially the same, has been widely criticised for failing to provide the
diverse spatial experiences that are more commonly experienced in low-rise buildings,
and the city as a whole [66—68]. This research here supports this notion, suggesting that
the design of multi-storey education buildings with atria would benefit from a diversity
of spatial openness, to foster students’ informal and social learning activities.

This study does, however, have some limitations. There are other characteristics besides spatial
openness that clearly influence student activities. These include the furniture layout and design,
location of the café, access to technology, visual and thermal comfort, colour, ambience,
acoustics, and more. These moderating factors were not directly measured in this research due
to the specific focus on spatial openness. Future research should seek to layer in some of these
other factors. For instance, triangulating the measurements of the environmental characteristics
of an atrium, with its spatial openness and observations of student activities. In addition, this
research focussed on a three-storey atrium, yet taller atria are increasingly commonplace in
multi-storey commercial buildings around the world and are likely to emerge in future taller
educational institutions. The methodology outlined here can be used to examine student social
and informal learning activities in these more vertiginous spaces, to examine the influence of
greater heights. This study uses the metrics of viewing volume and viewing area as measures
of spatial openness. These are interrelated, but it is not clear whether the subtle differences
between them (i.e. one being a measure of visible volume, and the other a measure of visible
area) can influence activities or the perception of space. Likewise, the study here suggests that
the diversity of spatial openness can influence the frequency of social activities such as group
study and gathering. However, there would be value in further studies comparing such findings
to activities in atria with less diversity of spatial openness. Finally, further research could
explore more nuanced characteristics of student behaviours in atria spaces, including length of
stay, and spatial satisfaction. Such research is important, especially given the clear trend
towards multi-storey education institutions in cities around the world.
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APPENDIX - INTERVIEW FORM

1. Introduction

Welcome and introduction of interview

Objective

The objective of these interviews is to obtain an understanding of how the spatial openness of the Telford
Exhibition Hall impacts student activities.

Process

I will be audio recording our conversations during the interview so I can revisit and reflect on the information
provided. We respect your right to privacy. Our Ethical Clearance ensures that any information that is obtained
in connection with this study and that could be identified as relating to you will remain confidential. If you decide
to participate in the interview, you are free to discontinue participation at any time without prejudice.

2. Questions

Personal Background Information

1.  Could you please introduce yourself?
a)  Which department are you in?
b) What subject are you studying?
¢)  Which year are you in?

d) Where is your nearest classroom or workplace?

Frequency, Activity and Reasons

2. What brings you to use this atrium?
3. Which types of activities do you normally do there?
4. Which ceiling height do you select for doing those activities? Why?

Student perceptions on spatial openness of the atrium

5. Who do you think this space was designed for?
6. How do you think this space should be used?

7.  Compared with a one-storey-height space in a social educational space, what does the three-storey-height
space atrium provide you with?

Student voice:

8. What is your favourite Telford Exhibition Hall story/memory?
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