ARCHITECTURE CIVIL ENGINEERING ENVIRONMENT @@

The Silesian University of Technology No. 4/2024

doi:10.2478/ACEE-2024-0026

OPTIMISATION OF SPACES DESIGNATED FOR LEARNING IN PUBLIC
SECONDARY SCHOOLS WITH THE VIEW OF BEHAVIOURAL ASPECTS,
ON THE EXAMPLE OF THE ACADEMIC SECONDARY SCHOOL
OF THE SILESIAN UNIVERSITY OF TECHNOLOGY IN GLIWICE

Maria BIELAK-ZASADZKA 2, Beata KUCHARCZYK-BRUS b*, Piotr SKORA ¢, Julia SZKARLAT d

a Associate Prof., DSc; The Silesian University of Technology, Faculty of Architecture, Akademicka 7,
44-100 Gliwice, Poland; ORCID ID 0000-0002-7532-9818

b Associate Prof., DSc, PhD; The Silesian University of Technology, Faculty of Architecture, Akademicka 7,
44-100 Gliwice, Poland; ORCID ID 0000-0002-3943-9227
*Corresponding author. E-mail address: beata.kucharczyk-brus@polsl.pl

¢MSc; The Silesian University of Technology, Faculty of Architecture, Akademicka 7, 44-100 Gliwice, Poland
ORCID ID 0000-0002-2366-5262

dMSc; The Silesian University of Technology, Faculty of Architecture, Akademicka 7, 44-100 Gliwice, Poland

Received: 20.09.2024; Revised: 30.11.2024; Accepted: 14.12.2024

Abstract

The subject of this paper is an attempt to answer the question — how to properly shape learning spaces in public secondary
schools from a behavioural perspective? The overarching aim of the study is to show the process of creating design guide-
lines related to shaping a built environment such as an educational space for young people. A process that should be car-
ried out with the active participation of those using this space.

The aim of the work carried out was to analyse the quality of the built environment, which in this case is the space of a pub-
lic secondary school — Academic High School in Gliwice, against the background of the actual, real needs and requirements
of all user groups of this educational institution. The analyses carried out were primarily focused on the behavioural qual-
ity of the space of the school facility.

The expected end result of the analyses and research was the formulation of guidelines, suggestions, which will contribute
to the optimisation of the quality of the space belonging to the student work and study zone of the Academic High School.

Keywords: Behavioural quality; Quality of secondary school building space; Qualitative research; Secondary school user
needs.

1. INTRODUCTION AND
RESEARCH

STATE OF

which assumes the causality of non-human factors in
social interactions. Environments, objects, cultural
assumptions etc. act on each other and influence rela-

Recent developments in sciences such as environmen-
tal sociology and psychology have proven that the
physical environment is in close relation to human
behaviour. How persons conduct themselves is deter-
mined by the surroundings of certain boundaries. One
scientific theory is the actor-network theory ANT [1],
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tionships and social interactions. Thus, by shaping the
designed and built environment appropriately, we may
influence the behaviour of its users [2]. When creating
environmental conditions, the direct impact of their
characteristics should be taken into consideration.

Therefore, we can assume that the quality of the built
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environment and its various aspects directly impact
the well-being of users. Not only does it affect well-
being and mental health, but it also influences learn-
ing and work efficiency, a sense of security, and social
interactions. A well-designed environment, its space,
the way it is organised, shaped, and high-quality
usability, significantly influence the comfort of work
and learning and provide ample development oppor-
tunities. Properly organised space can promote a
reduction in stress levels, enhancing creativity, and
improving logical thinking [3].

Research on the relationship between the quality of
the built environment and human needs was initiated
in the second half of the 20" century by American
researchers, carried out intensively at the beginning
of the 21% century, particularly related to the streams
of sociology and environmental psychology [3, 4, 5].
Research has developed in many directions, includ-
ing neuroscience investigating the level of satisfaction
of being in an appropriately decorated and aestheti-
cally pleasing built environment. In Poland, this issue
is being tackled by specialists from various scientific
fields; authorities include Prof. Augustyn Banka, a
psychologist who is developing this topic in coopera-
tion with architects [6], Prof. Maria Lewicka, also a
psychologist, Prof. Lucyna Frackiewicz, a specialist in
social policy, and architects Prof. Krzysztof
Lenartowicz, Prof. Elzbieta Niezabitowska [7] and
Prof. Andrzej Niezabitowski.

While qualitative research initially focused only on
identifying the technical quality of a building, over
time the need to include other quality criteria related
to occupant comfort, building management, econom-
ic issues, ecology was recognised. One of the first
comprehensive, detailed methods of investigating the
quality of a building, taking into account the behav-
ioural needs of users, is the POE method developed
and published by researchers: Preiser W., Rabinowitz
H., White E.: Post-Occupancy Evaluation (1988), and
Building Evaluation (1989). Qualitative research has
been conducted at the Faculty of Architecture at the
Silesian University of Technology since the 1990s
under the name “Silesian School of Qualitative
Research” [8]. They concern the study of the quality
of facilities with different functions, including educa-
tional buildings [9].

Educational objects are one of the most significant
spaces, where the impact of the built environment on
its users is particularly visible. Consequently, to prop-
erly define the built environment such as a school
building, and to improve its functioning quality, sug-
gestions for specific changes should be based on analy-
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ses and qualitative research. The results of these analy-
ses and research will serve as a real source of informa-
tion about the requirements set for school objects.

The presented study outlines the course of research
and didactic activities conducted as part of the first
edition of the PBL project (project-based learning)
with students of secondary schools within the
Excellence Initiative Research University Project at the
Silesian University of Technology in Gliwice. This
project was carried out in the summer semester of
2023 with the participation of students from the
Academic Secondary School of the Silesian
University of Technology, in collaboration with stu-
dents from the Faculty of Architecture of the Silesian
University of Technology. The topic addressed in this
project was the optimisation of spaces designated for
learning in public secondary schools with the view of
behavioural aspects.

2. THE STUDY OBJECTIVE AND SCOPE

2.1. Aim of the study

The space of the public school — Academic Secondary
School, located in Gliwice, at 10 Marcin Strzoda
Street, was adopted as the research field for the
analysis and research. The main objective of the pro-
ject was to identify, investigate the behavioural qual-
ity of the built environment, which is the space of a
public secondary school, against the actual, real
needs and requirements of the different user groups
of this facility, in order to improve its functioning.
The expected end results of the research, in the form
of guidelines, serve to increase the quality, improve
the functioning of the spaces of this educational facil-
ity and are helpful in optimising the learning spaces,
in behavioural terms.

Research on behavioural quality, i.e. on the person-
al, individual requirements of users in relation to a
building, is challenging to carry out as they rely on
elements based on subjective assessments.
Evaluation of this quality encompasses aspects such
as comfort, satisfaction, and enjoyment derived
from being in a building, as well as matters related
to the aesthetics of both interior and exterior spaces
and their impact on the mood, psyche, and health of
users [10]. Elements of behavioural quality also
include privacy, territoriality, wayfinding [11], clear
visual or auditory information, and a sense of secu-
rity. Aspects of the internal environment, such as
microclimate, are also considered, including:

—indoor air quality;
—temperature conditions inside the building;
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—lighting with natural and artificial light;
—acoustic conditions (noise).

Issues related to behavioural quality can be consid-
ered from one perspective as the influence of the
environment, individual zones, and spaces on the
user’s well-being; and from another perspective as
the user’s reactions to the conditions prevailing in the
facility, such as microclimate (thermal changes,
odours, varied auditory, audio, and tactile sensa-
tions).

Assessing this quality requires very close collabora-
tion with users of a particular institution, as they are
the ones best acquainted with the problems and defi-
ciencies in their environment. They can provide valu-
able information and are experts in matters concern-
ing the quality of the spaces they use. The most suit-
able research techniques applied in this case are sur-
veys and direct contacts, conversations, and discus-
sions conducted according to a previously prepared
list of questions and issues.

The conducted analyses were focused on the behav-
ioural quality of the facilitys space and included [12]:

* Level of satisfaction regarding users’ psychological
needs, such as privacy, spatial gradation, “wayfind-
ing” — finding the way to the destination — visual
information.

* Aesthetics of the interior and exterior spaces.

* User’s response to space (microclimate): thermal
changes, odours, lighting, varied auditory, audio,
and tactile sensations.

e The impact of the environment and individual
spaces on the well-being, mood, psyche, and health
of students.

» User’s sense of comfort — ergonomic solutions.

* Sense of security, accessibility of individual spaces,
and school zones.

* Contact with nature, greenery.

An important element of the conducted analyses was
the assessment of the level of satisfaction of all users
(pupils and staff) and the formulation of behavioural
requirements for a built environment that is user-
friendly for individual users (learner):

¢ Identification of all user groups within the educa-
tional institution.

¢ Clear determination of the needs and requirements
of individual user groups regarding the school
building.

e Formulation of the most appropriate and optimal
working and learning conditions in the facility.

e Creation of a proper image and suitable aesthetics
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in various spaces for the users of the facility.

 Establishment of high comfort for using a particu-
lar space (privacy, territoriality, concentration,
well-being).

2.2. Methods used in the research

When conducting the research, the following
research methods were applied:

e Literature analysis of the subject and the problem.

* Analysis of available documents, architectural and
construction documentation of the school.

* Photographic documentation of the building/
Building inventory (photogrammetric camera).

* Inspection and observation of the researched
space.

* Inventory of equipment, devices, and furnishings in
various zones of the facility.

* Focus interview with the first users of the building,
after it was put into use following the renovation
works.

* Survey research conducted among current users.

e Interviews and conversations with the school head
teacher, teachers, students, and technical staff of
the institution.

The research had the specific purpose of conducting
the quality and behavioural assessment of the facility.
Therefore, it was proceeded in a precise, systematic,
and controlled manner. Moreover, it was carried out
using well-defined organising tools that had been
prepared in advance, including:

—targeted lists of the most important categories of
the facilitys functioning efficiency,

—original survey forms taking into account the needs
of all user groups,

—a list of focus questions addressed to previous and
current users — employees and pupils of the institu-
tion.

Under the supervision of staff from the Faculty of
Architecture of the Silesian University of
Technology, students from the school in question
were involved in the research work. A specific range
of research tasks was defined for them:

* Conducting analyses of scientific literature, design
norms, and legal acts related to the designated
research problem.

* Creating a list of quality categories for the
Academic Secondary School of the Silesian
University of Technology in Gliwice, focusing on
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behavioural quality: systematically and effectively
gathering data (list of the most important cate-
gories of functioning efficiency of the facility).

* Developing surveys considering the needs of all
user groups.

* Preparing a list of questions addressed to the pupils
and staff.

* Evaluating specific zones and spaces of the school.

The conducted activities allowed the students to
become familiar with various aspects of analytical
and research work, including:

¢ Identifying flaws and inadequacies that need to be
addressed or compensated in the school space.

* Formulating suggestions for improving the quality
of the facilitys functioning.

* Identifying potential opportunities to enhance the
behavioural quality of the school facility.

The participants took part in the research eagerly,
utilising diversed research tools such as a photogram-
metric camera and Virtual Reality (VR) goggles.
They then analysed the results and described their
outcomes. The students’ activities were carried out in
collaboration with students from the Faculty of
Architecture of the Silesian University of Technology
(consultations at the Faculty of Architecture), allow-
ing young researchers to become familiar with the
work environment, and the educational format at the
university, and facilitating social networking. Such
activities enabled pupils and students to acquire prac-
tical skills necessary for analytical and research work,
as well as develop abilities for individual and team-
work. The comprehensive actions proposed in the
project introduce secondary school pupils to the
basics of planning and conducting scientific research,
familiarise them with professional terminology, and
enable them to present results during various scien-
tific events (e.g., conferences as part of the ID-UB
initiative, the Night of Scientists at the Silesian
University of Technology).

2.3. Expected research results

* Anticipated results and benefits from the conduct-
ed research, which contribute to the optimisation
of the quality of spaces within the student’s working
and learning areas, are as follow:

* Acquiring comprehensive information on the actu-
al state of the school facility.

* Understanding the opinions of all user groups
about the existing built environment, which is the
school facility.
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¢ Identifying flaws and inadequacies that need to be
addressed or compensated.

* Creating an information base — guidelines for
improving the standard of utilising the school facil-
ities.

* Developing solutions helpful in adapting the facili-
ty to the real needs of users.

The conclusions contribute to defining modern stan-
dards of behavioural quality in learning and recre-
ation spaces for students. Adapting the existing
school-built environment to the needs of young peo-
ple is to create a more friendly, safe, and aesthetic
environment, providing conditions for efficient work
and learning. The new, improved space shall promote
a reduction in stress levels, enhance creativity, and
logical thinking among the students.

3. ANALYSIS AND RESEARCH

3.1. Literature research

The initial actions involved conducting analyses of
national and international publications, as well as
information presented on various websites. To design
school facilities well, knowledge from various scien-
tific disciplines including environmental psychology,
sociology, pedagogy, and ergonomics is required.
Architects should be aware of the complexity of
issues crucial in designing educational facilities. Such
institutions should be built to the highest standards,
from functional quality to technical quality, to highly
significant behavioural quality. All behavioural qual-
ity elements must be considered when designing the
built environment. The available literature on the
subject, especially in the field of environmental psy-
chology, items on qualitative architectural research
and research on the quality of the built environment
were therefore analysed. The standards and technical
requirements to which educational facilities are sub-
ject were analysed. On the basis of this data, it was
possible to formulate the characteristics of the edu-
cational space, to construct lists of expert evaluation
criteria and survey forms.

Educational facilities are designed not only with con-
sideration to the needs of the educational process
itself but also to the needs and expectations of users
of that space. It is crucial to recognise that humans
are biological organisms with specific, diverse needs,
not only physiological ones. Therefore, meeting
expectations related to a sense of security and self-
realisation must be factored in when designing an
educational facility.
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Educational institutions have long been associated
with a closed architectural form, buildings with artifi-
cial lighting, and rigidly separated rooms. They are
often believed not to engage students and not to
encourage independent thinking. It is also challeng-
ing to speak about teachers’ approaches to students.
However, these trends are changing, both from an
administrative perspective and in terms of modern
thinking about educational spaces.

According to the research conducted jointly by the
University of Salford in Manchester and architects
from the Nightingale Associates design office [13],
the performance of an average student in a well-
designed school environment can increase by 25%.
General attitudes toward learning and the ability to
focus on assigned tasks are largely the result of
analysed factors in the study, such as orientation,
flexibility, layout, colour, access to light, noise, tem-
perature, and air quality. The results of the above-
mentioned study should be a compelling considera-
tion as to the shape and functioning of modern
schools.

3.2. Reference object research — case studies

For the purpose of this study, to acquire knowledge
of the proper design of modern educational facilities,

objects with similar functions and purposes were
analysed. The research field for the analysis consisted
of 5 educational facilities located and operating both
in Poland and around the world:

* Akademia High School located in Warsaw;

* The School on Islands Brygge located in
Copenhagen;

* Tran Duy Hung Secondary School located in
Vietnam;

e Lyceum located in Chongzuo, China;

* Vocational and Technical School — CFA located in
Mont-de-Marsan, France.

The analyses were conducted based on the following
criteria:

e location,

e completion date,

* building area,

* ecological and energy-efficient solutions,
* unique technical and functional solutions.

The examples were presented in tabular form, which
organises and facilitates the conducted analyses. The
table below illustrates the approach to conducting a
case study.

Table 1.

Examples of reference object analyses based on the complex of Akademeia High School in Warsaw
Object Akademeia High School

Location Polska, Warszawa

Designer Medusa Group

Implementation 2017

Area 4198 m?

Description | literature classes.

tifunctional and inspiring spaces.

A horseshoe-shaped building with a green courtyard and a large outdoor stand. The layout of the rooms allows for
individual educational strategies and the learning process resembles that at universities. “Most of the classes are
conducted according to the American Herakness method, whereby students do not sit in desks, but work together
with the educator at an oval table”. — words of deputy headmaster of the school Marcin Szala.

Pupils work in an oval table system, teachers have no staff room, and permanently remain part of a compact edu-
cational ecosystem. This was the basis for the overall idea of creating a lifestyle atmosphere that encourages people
to stay in school after school hours. The space in the middle of the school playground is ordered by a huge grand-
stand. A universal element, a meeting place to inspire students and teachers for unusual P.E., geography, biology or

The canteen is more like a restaurant than a traditional school canteen. It is a transfer of the modern living-room
into the school. The venue is not only open at lunchtime, but is constantly changing its functions, from canteen to
cafeteria with a reading room and live art studio.

On the roof, there is a garden used for classes in biology, but also physics, astronomy or geography. During the sum-
mer season, bechives can be set up there or herbs can be grown for use in the school canteen.

The hallway resembles no school corridors at all, but rather a scaly wooden hollow. The halls traditionally have
chairs, but also multifunctional stands. When designing this venue, the architects were looking for ambiguous, mul-

Source

https://www.archdaily.com/889061/akademeia-high-school-in-warsaw-medusagroup-studio

Own work
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3.3. Own research

The second source of information gathered in the
study was own research involving the analysis of
available documents, architectural and construction
documentation of the Academic Secondary School
[ALO PS] facility, inspection, and observation of the
researched space, building inventory (photogram-
metric camera), as well as survey research and inter-
views conducted among the users of the facility.

Description of the Facility

The building of the Academic Secondary School is
located in Gliwice, on the corner of Wroctawska and
M. Strzoda streets. The history of this building dates
back to the 19" century when it served as an inn with
accommodation and a stable, due to the close prox-
imity of the square known as the horse market. In
1900, the building underwent reconstruction, being
transformed into an entertainment hall, a restaurant,
and a gallery. The hotel and its cultural function con-
tinued uninterrupted until the 1940s. After the war,
the building was handed over to the newly established
Silesian University of Technology. The Student
Cultural House operated here, and in 1958, the

Figure 3.

Figure 1.
View of the building from the intersection of Wroclawska
Street and M. Strzoda Street

Figure 2.

P. Skéra, J. Szkartat

View of the building from the Wroclawska Street

I —
it F ug.

3D model of the school building in Gliwice — view from M. Strzoda Street (Own work)
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Figure 4.

3D model of the school building in Gliwice — view from Wroclawska Street (Own work)

Cinema-Theater X designed by professor Tadeusz
Teodorowicz Todorowski, was opened. The cinema
hall could accommodate 400 viewers, and a small
technical backstage and dressing rooms were also
established for a theatrical stage. The Discussion
Film Club had its seat here, and various cultural
events, concerts, and theatrical premieres were held,
bringing together the student cultural movement
[14].

In 2009, the Cinema-Theater building was decommis-
sioned due to its very poor technical condition. In
2010-2011, the building was renovated and partially
superstructed with a change of use. The building was
adapted for use as lecture theatres, art studios and
offices and was handed over to the Faculty of
Architecture at the Silesian University of Technology
for teaching students of Architecture and Interior
Design. In 2018, a part of the facility was transferred
into Academic Secondary School. There are current-
ly two units operating in the building: the Faculty of
Architecture (on part of the basement and ground
floor) and the Academic Secondary School (upper
floors).

4/2024

Research of the existing state — inventory

To obtain actual parameters and dimensions of the
school facility and compare them with existing tech-
nical documentation, measurements were conducted
using modern surveying techniques with the aid of an
advanced research tool — the photogrammetric cam-
era (Matterport PRO2). The measurement standard
employed allowed the project participants to capture
a 3D space and transform it into a digital twin model
(Fig. 3, 4).

The interactive model facilitated the creation of a vir-
tual walkthrough, enabling a digital analysis of the
building structure and the spaces of selected func-
tional zones of the building (Fig. 9, 10). Based on the
captured images, precise measurements of the
object’s geometry were taken (reality was reflected
with an accuracy of 1%). The digital inventory facili-
tated the selection of areas with adaptive and design
potential, particularly in shared areas such as corri-
dors, the entrance hall, and wall niches, as shown
below.

Functional layout in existence
The existing functional layout of the school building

ARCHITECTURE CIVIL ENGINEERING ENVIRONMENT 21
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3D Scan

Simple Scan
4

75

Figure 5.

Beata Kucharczyk-Brus,

P. Skéra, J. Szkartat

Map of photogrammetric scan positions of selected functional zones on the ground floor of the school building in Gliwice. (Own work)

Figure 6.

Example measurement photo taken at station No. 147, depicting the shared area — main hall. (Own work)

Table 2.
Measurement data from photogrametric Matterport camera

MEASUREMENT DATA
Research instrument: Matterport PRO2 camera

Number of measurement sites | Measurement time per one site

Overall measurement time Number of points in the cloud

525 20 seconds

175 minutes 785 000 000

Own work

under study is the result of the functional adaptation
of spaces originally used for the former theater facil-
ity (Cinema-Theatre X). The change in the building’s
use was carried out following building policies, bills,
and regulations applicable at that time. However, the
technical adaptation of the building for cultural pur-
poses resulted in several deviations from the contem-
porary design standards for secondary school func-
tions. This includes disruptions in the relationship
between functional elements, an unclear layout of
passageways, and the mismatch of natural lighting
distribution for teaching purposes. In its current
function, the facility does not include essential user
(student) areas such as green recreation zones and
individual spaces.

22 ARCHITECTURE
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The internal functional layout of the building was
designed symmetrically relative to the central axis,
which is parallel to the longitudinal axis of the build-
ing. The central route, originally serving as the foyer
in the theater, was redesigned and adapted for edu-
cational spaces (auditorium, lecture halls), recre-
ational areas, and exhibition spaces.

The main entrance to the building is located on the
east side. On the ground floor, there is a porter’s
lodge, exhibition space, a small lecture hall, a large
lecture hall (formerly the theater audience with a
stage), sanitary facilities, and educational rooms. The
ground floor is exclusively available to students of the
Faculty of Architecture at the Silesian University of

ENVIRONMENT 4/2024
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Figure 7.

9 10 Ks M Strzody

Map of photogrammetric scan positions of selected functional zones on the first floor of the school building in Gliwice. (own work)

Figure 8.

Example measurement photo taken at station No. 209 depicting the shared area — corridor. (Own work)

Figure 9.
Functional layout of the 1% Floor of the Academic Secondary
School, in Gliwice (Own work)

Technology, as a result, the changing rooms for
school students were relocated to the 3rd floor of the
building. This design solution creates a functional
collision in the passageways.

The space on the first floor was organised with adapt-
ability in mind, creating areas with good natural light-
ing conditions and more shaded areas, taking into

Figure 10.
Functional layout of the 2" Floor of the Academic
Secondary School, in Gliwice (Own work)

account user accessibility (for teachers and students).
However, the organisation of the space omitted
silence and noise zones.

According to the conducted research, the predomi-
nant usable area on the first floor of the school con-
sists of shared spaces: hallways and stairs, and recre-
ation space. Along the passageways, classrooms were

4/2024 ARCHITECTURE CIVIL ENGINEERING ENVIRONMENT 23
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planned with wide doors to the corridor, partly elim-
inating the lack of access to natural light and improv-
ing the comfort of individuals in the corridor. The
hallways and stairs, and recreation spaces were
directly linked by arranging existing wall niches.

Summarising the conducted functional-space analy-
ses, it should be noted that the predominant passage-
way area of the facility indicates a disproportional,
inappropriate functional layout of the school (exces-
sive passageway area over educational one), which
indirectly results from the inflexible form of the
adapted building. Therefore, a significant issue is the
lack of educational space, which is partially compen-
sated by sharing the space designated for university
students (ground floor). However, this solution is an
example of disrupting relationships between func-
tional and user zones. In terms of the functional lay-
out of the building, the gastronomic and sports zones
were not considered — these needs are addressed out-
side the facility.

User groups and their needs — 2011-2018

After the building was put into use following the
change of use, the building started to be occupied by
students of the Faculty of Architecture, research and
teaching staff and administrative staff (gatehouse
staff, housekeeping staff etc.).

The building has a full basement and this is where the
sculpture workshop, the modelling room and the
storage rooms were planned to be located — this is
still the case today. The location of the sculpture
workshop (where these classes are also held at pre-
sent) is not suitable due to the lack of natural light in
this room (no windows) and the lack of a permanent
finish on the concrete floor (no possibility of cleaning
the floor, dusting of the floor). Two lecture theatres
and two teaching rooms are located on the ground
floor level with elevations along busy streets, result-
ing in increased noise levels in these rooms. The
remaining ground floor area consists of communica-
tion space and ancillary rooms (toilets, welfare facili-
ties, auditorium facilities). The first floor of the
building is designated as office and educational
space, with five teaching rooms, including one two-
storey high, and one without direct access to natural
light (a computer lab with indirect lighting through
glass walls). On the second floor, three teaching
rooms have been designed — two large drawing stu-
dios and one indoor room, fully glazed with indirect
natural light. The remaining rooms have been desig-
nated for the teaching staff — offices, toilets and social
areas. A large hall, above which a large non-opening

Szkartat

skylight has been made, occupies a large part of the
floor. Due to the fully glazed facades on this floor
and the large skylight, this part of the building quick-
ly becomes overheated. No operable windows were
made in the glass facades or in the skylight, which
resulted in a lack of ventilation of the rooms (win-
dows in the glass fagades were added later). On the
third floor (usable attic) there were two large paint-
ing studios with technical facilities. Due to the small
windows of this part of the building, which used to be
a non-utilitarian attic, the natural light illumination
of these spacious rooms was inadequate.

Former residents of the building made the following
comments on the functional and behavioural quality
of the building:

* The overgrowth of communication space was
observed during use, as compared to the usable
space directly related to the primary function,
which resulted in difficulties in teaching and the
need to combine several groups in one room,
Lack of leisure facilities for students,

Lack of catering function in the building (lack of
space, lack of plumbing facilities),

Lack of adequately separated rooms for academic
staff, resulting in 8-10 people working in the same
room, which was not equipped with opening win-
dows,

Overheating of office and teaching rooms,
Inefficient heating system in the building (fan
heater system) causing difficulties in heating the
attic rooms and the rooms located at the glass
facades,

Inefficient ventilation system in the building,
Excessive glazing of all rooms in the building com-
bined with the inability to cover the windows
caused glare to the users, as well as sunlight pene-
trating the screen into the auditorium.

The essential comments of the former users of the
upper floors of the building coincide with the
observed and researched problems faced by current
users.

User groups and their needs — 2018-2023

Current users of the school space were divided into
external and internal users. External users include
visitors such as the Faculty of Architecture students
(entrance area, ground floor), and parents.

When considering the users’ needs regarding the
Academic Secondary School [ALO] building, first of
all the internal user group was taken into account, as
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Figure 11.
Diagram of user groups of the school. (Own work)

the space of the building may hinder or facilitate
their learning and work. The internal user group is
comprised of students and staff, including teachers,
administrative personnel, and maintenance and tech-
nical staff.

There are four defined user groups in this category:
—Students — 209 individuals,

—Teachers — 31 individuals,

— Administrative staff — 4 individuals,
—Maintenance and technical staff — 4 individuals.

The following diagram illustrates the internal user
groups of the school facility.

For a proper determination of the needs and expec-
tations of the secondary school users, surveys, inter-
views, and discussions regarding the functioning of
the facility were conducted.

Survey research

The conducted surveys, interviews, and discussions
with users of the Academic Secondary School were
focused on the functioning of the school facility and
quality levels affecting users’ comfort. Their indirect
task was to assess users’ awareness of their expecta-
tions and needs regarding the school environment,
and the school building (whether these needs and
expectations exist and to what extent they are met),
and to determine the level of behavioural quality
affecting the comfort of space utilisation.

1. The survey aimed at students of the Academic
Secondary School in Gliwice.
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2. The survey directed to the staff of the Academic
Secondary School in Gliwice.

3. The interview with the staff of the Academic
Secondary School in Gliwice.

The respondents comprised four user groups of the

facility:

e Students — 209 individuals,

e Teachers — 31 individuals,

* Administrative staff — management, school office —
4 individuals,

* Cleaning and technical staff — 4 individuals.

The research conducted has allowed to identify spe-
cific problems and needs of the users, providing
guidelines for improving the quality of the education-
al space. Based on these findings, valid conclusions
have emerged regarding the functioning of the facili-
ty and the level of quality affecting users’ comfort.
Valuable information collected from students and
teachers helps determine areas that require attention
and further action. Primarily, there is a need to con-
sider these conclusions in a future project aimed at
improving the conditions in the school.

The conducted survey research, discussions, and

interviews with users of the secondary school facility

can be summarised as follows — there can be

observed:

¢ insufficient seating and tables in shared spaces,

¢ inadequate number of sockets in classrooms,

e furniture in shared areas arranged in a way that
hinders movement during breaks,

* poor air circulation leads to stuffiness on warm days,
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* poor acoustics, audible sounds from the street, and
other rooms,

* noise and poor acoustics in classrooms when chairs
are moved,

* classrooms and shared spaces well-lit (some rooms
excessively so),

* lack of separate rooms for individual sessions with
students (they are conducted after classes in class-
rooms),

* the facility is adapted for people with disabilities.

Respondents also proposed their ideas to enhance

users’ comfort. These included:

* Purchasing and installing blinds to limit sunlight.

* Introducing greenery indoors and increasing green-
ery in the outdoor recreational area.

* Providing a designated area for meals in shared
areas.

* Relocating the changing rooms from the 3rd floor
to the ground floor, near the entrance area.

* Redesigning and rearranging Room 07 (inadequate
ventilation and space).

* Improving air circulation throughout the building.

Microclimate research

The quality of the microclimate of a school facility is
influenced by a number of factors, such as tempera-
ture, humidity, room acoustics and the carbon diox-
ide content of the air. If any of these factors exceeds
the standards, the comfort and cognitive abilities of
the staff and pupils in the school are impaired. In
accordance with current legislation, the minimum
temperature in the teaching rooms of public sec-
ondary schools has been clearly defined. According
to these standards:

* Classrooms and teaching areas — minimum temper-
ature: 18°C.

* School corridors — minimum temperature: 16°C
(for pupils only during breaks).

* Cloakrooms and stairwells — minimum tempera-
ture: 16°C.

* Changing rooms (e.g. for P.E. classes) and shower
rooms — minimum temperature: 21°C. [15]

However, the concept of minimum temperature
should not be confused with the optimum, comfort-
able temperature for the user.

Another microclimate factor is air humidity.
According to research conducted by Elzbieta
Stodczyk and Dariusz Suszanowicz [16] it should be
30-50% in summer and 45-60% in winter. However,
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a frequent problem is its increase when a group of
people stays in a room for a longer period of time,
e.g. during lessons, when it starts to exceed the norm.
Too low a level of humidity leads to unpleasant symp-
toms such as a scratchy throat and dry eyes. It also
has the effect of reducing resistance to viruses. Too
high humidity promotes the growth of harmful
moulds, fungi or bacteria.

Selected microclimate factors were measured in
classrooms, corridors, and other usable spaces using
specialised measuring tools. A 1 SVAN 979 sound
and vibration level meter from SVANTEK was used
to measure noise levels and vibrations in classrooms.
Other values were measured with a Testo 400 multi-
function meter equipped with a temperature, humid-
ity and carbon dioxide probe and a windmill probe.

Tabela 3.
Overview of room temperature and humidity. (Own work)

temperature

ROOM [C]
Corridor (1st floor) 22.15
Corridor (2nd floor) 22.10
Corridor (3rd floor) 20.35
Concierge 21.80
Assembly hall 21.20
Bathroom (ground floor)  21.45
Library 21.60
Teachers’ room 22.20
Quiet work room 22.85
Cloakroom 21.25
Room no 304 20.75
CLASSROOMS
IT room 23.30
Room no 07 20.06
Room no 107 21.20
Room no 202 22.35
Room no 202A 24.60
Room no 206A 24.40
Room no 210 22.20
Room no 305 20.85

The temperature of all rooms stays within the norm.
The lowest — as expected — was recorded in the rooms
with the largest area of windows and those directly
connected to them. Students point out the reduced
temperature there in winter, and the risk of falling
below the acceptable threshold of 18°C is highest.
Humidity is insufficient in almost all rooms. The low-
est result was obtained in the two-storey room on the
first floor and the highest in the room on the second
floor. It is probably elevated by the air exhaled by
many pupils, which is also directly correlated to the
concentration of carbon dioxide in that room.

The CO, concentration stays within the norm for all
rooms except for the small rooms on the second
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floor. One of them is characterised by an outstand-
ingly too high result, almost 2-3 times higher than the
other: almost 3000 ppm. Comparing this with the val-
ues shown in Tab. 3, it can be seen that this is a value
that strongly reduces the cognitive abilities of stu-
dents and teachers.

Low airflow velocities were recorded with ventila-
tion, e.g. only 0.15 m/s. This poor circulation may be
a factor leading to the accumulation of large amounts
of exhaled carbon dioxide within the room.

The noise level is mostly dependent on the nature of
the activities rather than the characteristics of the
room. Low results were obtained in rooms intended
for individual use: library — 40db, staff room — 45db,
cloakroom - 51db, gatehouse — 54db. During an
ongoing lesson, the volume was 62db. In the corridors
during break time, approximately 69db was recorded.
The worst acoustic conditions can be seen when using
the classroom located on the ground floor along
Wroctawska Street. The measurement was taken
when no classes were taking place, nevertheless, nor-
mal conversation led to a level of 73db.

Research conclusions:

* poor ventilation is a problem in the building,

¢ in small rooms the CO, content in the air is too
high,

e due to overheating in some rooms the humidity is
low,

* in rooms with a large window area the temperature
is too low in winter,

* in some rooms (mainly the ground floor room)
there is poor acoustics which makes it difficult to
conduct lessons.

Functional-spatial arrangement — as-designed status

In the scope of the research project, during the
inspection and observation of the examined space,
analyses were conducted regarding shared and recre-
ational areas. These areas represent the greatest sur-
face potential of the building and influence the per-
ception of the entire facility. Due to the poor organi-
sation of the shared space, the passageways dominat-
ed the area and limited adaptability for recreational
functions and informal learning, significantly reduc-
ing behavioural quality. The needs of teachers and
students for various forms of relaxation were taken
into consideration when proposing functional solu-
tions regarding dynamic (movement) and static
(reading, concentration, conversation, quietening)
form [17].

An important aspect considered when examining edu-
cational spaces is the quality of the environment, as it

significantly influences the well-being and effectiveness
of its users. To provide students and teachers with the
best conditions for acquiring knowledge, developing
passions, and interests, a classroom is simply not

Table 4.
Types of organized recreational spaces in an educational
facility

Wall niches serving as com-
mon rooms — This larger
open space allows for the
organisation of workstations
or reading areas.

Schoolyards — usually the
most popular places visited
by students. Typically organ-
ised outdoors, they allow stu-
dents to engage in conversa-
tions, play games, and partic-
ipate in dynamic relaxation
activities such as table tennis.

Games area — It is a small
space organised for plays and
various games for a small
number of students.

Area in a wall niche - It is a
small space designed for
relaxation. Usually organised
in a well-sunlit area and sur-
rounded by greenery.

Island — a large space (e.g.,
main hall or wide corridor)
where furniture is arranged
to facilitate larger gatherings.

Windowsills — these are
places often used by students
for individual work, equipped |
with power points allowing

for laptop work and studying.

Stairs — a popular choice
among students for organis-
ing conversation spots and
other activities.

Own work
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sufficient. It is important to address the shared areas
properly by introducing diverse greenery into the
school environment, creating spaces for individual
work, and areas facilitating integration and socialising,
and ensuring an appropriate microclimate, including
favorable temperature, access to fresh air, and proper
lighting with both natural and artificial light.

[0 Artistic zones

Szkartat

The synthesis of the conducted research resulted in
proposals presented in the form of architectural
arrangement projects for selected spaces, created by
students of the Academic Secondary School. The
optimal areas selected for this purpose include pas-
sageways, relaxation zones, and the entrance to the
building (external stairs).

[__1 Foldable poufs

T Poufs

[ Tables

Figure 12.

Conceptual design of the common room area (lobby on the second floor) in the existing space designed as an artistic area, game cor-
ners and places for larger meetings for integration, conversation and other forms of relaxation. (Own work)

Figure 13, 14.

Conceptual design of an integration zone in the common space. The corner in the common room niche for conversation and integra-

tion (Own work)
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Figure 15.
Conceptual design of the integration zone in the common room space. The islands in the common room niche promote group work
(Own work)

S SR

Figure 16.
Conceptual design of the art zone in the common room alcove space. The artistic zone in the common room niche is conducive to indi-
vidual work, tranquillity and the development of manual skills (Own work)
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Figure 17, 18.

Conceptual design of ornamental greenery on the outdoor terrace. Conceptual sketch of the planting design (e.g. decorative grasses)
in the areas where the paving slabs have been removed in the existing outdoor terrace (Own work)

4. CONCLUSIONS AND GUIDELINES

The information gathered during the conducted
analyses and research on the behavioural quality of
the facility helped formulate a strategy for the school
building. They indicated optimal solutions that the
institution’s management may implement. The issues
presented in connection with the conducted analyses
will directly contribute to improving the quality of the
environment in the secondary school building in sev-
eral cases.

The final conclusions can be presented in three cate-

gories:

—Efficiency of space and passageways utilisation.

—Indoor environment and microclimate.

— Aesthetics of external and internal spaces.

In order to use space and communication efficiently,

it is recommended:

* compliance of spatial solutions with building stan-
dards and regulations,

* adaptation of individual spaces to the needs of the
educational and social processes taking place in
them,

* the design of the functional layout and communi-
cation making efficient use of space, without non-
use areas,

¢ introduction of visual information on the layout
and function of the building; the direction of move-

ment and communication should be clear,
enabling comfortable movement in classrooms and
communal spaces,

creation of aesthetically pleasing, well-organised
seating areas for meetings, (along circulation
routes),

corridors illuminated, bright and open to other
parts of the building.

To ensure a favourable indoor environment and
microclimate, it is recommended:

* ensuring the ability to adjust air temperature and
humidity to users’ needs,

providing proper room ventilation and air humidi-
fication, eliminating drafts,

ensuring optimal sunlight levels in different zones
throughout the day and sufficient artificial lighting,
using healthy, non-toxic materials with high aes-
thetic quality,

implementing materials and architectural solutions
contributing to effective noise reduction,
introducing natural greenery into both interior and
exterior spaces.

In order to ensure that the external and internal
space is aesthetically pleasing, it is recommended:
* ensuring visual information — ease of reading func-

tions of a given space with the use of appropriate
architectural means
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* harmoniously shaping surroundings and interior of
the building (spatial order).

* providing contact with nature by introducing natur-
al greenery to different floors of the building (well-
incorporated groups of suitable plants without
obstructing passageways).

¢ aesthetically arranging space around the building,
with resting places featuring small architecture and
high-quality organised greenery (conservatory, win-
ter garden).

e classroom and shared area furnishings to be
ergonomic, tailored to students’ needs, easy to use,
and made of natural, healthy, non-toxic materials.

Short-Term Solutions

1.Installing automatic sunshades on the glass facade
(educational zone) and the skylight (public zone).

2.Installing automatically opening windows in exist-
ing skylights to improve air circulation and building
ventilation.

3.Developing greenery and small architectural
arrangement projects in the external recreational
space.

4.Planting greenery in the external recreational space
and installing small architecture.

Long-Term Solutions

1.Developing interior design projects for shared,
educational, administrative, and utility spaces.

2.Developing a building permit design for the recon-
struction and expansion of internal sanitary instal-
lations: mechanical ventilation, air conditioning
and heating.

3.Developing a building permit design for the recon-
struction and expansion of internal electrical instal-
lations: low-current systems, internal and external
lighting, and monitoring.

4.Developing a project for implementing energy-effi-
cient solutions: photovoltaic panels, heat pumps
with exchangers, etc.

SUMMARY

In summary, the above conclusions and solutions
provide a solid foundation for determining the direc-
tions of actions and project work for the Academic
Secondary School. Their implementation can signif-
icantly impact the educational space, raising
its behavioural quality, operational standards, and
users’ comfort.

4/2024

Improving gastronomic infrastructure, optimising
classroom space, enhancing internal passageways,
providing space for teachers, and individual rooms
for classes, and introducing greenery into interiors
are priorities in the context of a project aimed at
meeting the needs and expectations of users.
Implementing the above suggestions will have a sig-
nificant impact on the school’s space, promoting the
creation of a friendly, safe, and functional environ-
ment for learning and work, contributing to the
improvement of the entire education process.

It is worth emphasising that a crucial aspect during
the research on the behavioural quality of such places
was the close cooperation with participants in the
educational process, who best understand the needs
related to a given space; they are experts in matters of
quality and the standard of the built environment
they use. Elements of behavioural quality include not
only comfort but also aesthetics, privacy, clarity, and
a sense of security. Essential factors influencing the
correct functioning in a given space are also microcli-
mate elements, such as air quality, lighting, and
acoustics, which impact users’ overall satisfaction.
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