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Educational buildings,

ensuring energy efficiency, sustainability and resilience to extreme weather
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conditions in addition to occupant comfort. In Tiirkiye, the impact of varying

Tirkiye, . . e . . . . .
Stude}lllt health and well- climatic conditions on school design is often disregarded, resulting in the use of
being uniform designs that may not meet regional climatic needs, potentially leading to

concerns with indoor comfort, energy efficiency, air quality, and, ultimately,
adversely impacting student health, well-being, and academic performance.

This study aims to investigate the uniformity of educational building designs across
Tirkiye’s climatic regions evaluate their climate responsiveness and predict the
potential short- and long-term impacts on student health, well-being, and academic
performance in cases where climate-responsive design is insufficient. Képpen
climate classification was used to categorise Tiirkiye's climatic zones and select pilot
cities with extreme heat and cold conditions. The educational buildings in these
cities were evaluated for design uniformity and climate responsiveness. Finally, the
potential impacts of the identified uniformity and lack of climate-responsive design
were synthesised from the literature.

The findings revealed that despite significant climatic differences, many schools in
Tirkiye share similar designs that do not adequately address regional climate
needs, which could have important implications for both the learning environment
and student equity, potentially exacerbating disparities between students in
different regions. The study emphasises the critical need to incorporate climate-
responsive design strategies in educational buildings to enhance not only the
current indoor conditions but also to address future challenges posed by climate
change, improve energy efficiency, and, most importantly, foster equitable and
supportive learning environments for all students. Further experimental studies are
recommended to assess the impact of climate-responsive design on students' health,
well-being, and cognitive performance.

iklime Duyarl Ogrenme Ortamlar1 Tasarlamak:
Tiirkiye'nin Cesitli iklim Bolgelerinde Egitim Binalarim1 Yeniden Diisiinmek

Anahtar Kelimeler Oz: Egitim binalarinin tasarimi, dgrencilerin konforu, refah1 ve 06grenme
Iklime duyarl: tasarim, ortamlarinin islevselligi acisindan énemli bir rol oynamaktadir. iklime duyarli
Biligsel performans, tasarim, kiiresel iklim zorluklarini ele almak, enerji verimliligi, stirdurtlebilirlik ve

Egitim binalari,

ic mekan konforu, asir1 hava kosullarina dayanikliligin yani sira kullanici konforunun saglanmasi

Tiirkive acisindan kritik 6neme sahiptir. Tiirkiye'de, degisen iklim kosullarinin okul tasarimi
C‘)grerflci‘saghgl ve iyi olma iizerindeki etkisi genellikle goz ardi edilmekte ve bu da bolgesel iklim ihtiyaclarin
hali karsilayamayan tek tip tasarimlarin kullanilmasiyla sonu¢lanmaktadir.
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Designing Climate-Responsive Learning Environments: Rethinking Educational Buildings Across Tiirkiye's Diverse Climatic Zones

Bu durum i¢ mekan konforu, enerji verimliligi, hava kalitesiyle ilgili endiselere yol
acabilmekte ve nihayetinde 6grenci sagligini, refahin1 ve akademik performansim
olumsuz etkileyebilmektedir.

Bu calisma, egitim binasi tasarimlarinin Tirkiye'nin iklim bélgeleri genelinde
tekdiizeligini arastirmay1 amaclamaktadir. iklime duyarhliklarin1 degerlendirmek
ve iklime duyarl tasarimin yetersiz oldugu durumlarda 6grenci saghgi, refahi ve
akademik performansi lizerindeki olasi kisa ve uzun vadeli etkileri tahmin etmekte
calismanin amaglar1 arasinda yer almaktadir. Koppen iklim siniflandirmasi,
Turkiye'nin iklim bolgelerini kategorize etmek ve asir1 sicak ve soguk kosullarina
sahip pilot sehirleri se¢mek icin kullanilmistir. Pilot sehirlerdeki egitim binalari
tasarim tekdiizeligi ve iklime duyarlilik acisindan degerlendirilmistir. Son olarak,
belirlenen tekdiizeligin ve iklime duyarli tasarim eksikliginin potansiyel etkileri
literatiirden sentezlenmistir.

Bulgular, 6nemli iklim farkliliklarina ragmen, Tirkiye'deki bircok okulun bdlgesel
iklim ihtiyag¢larini yeterince karsilamayan benzer tasarimlara sahip oldugunu ve
bunun hem 6grenme ortami hem de o68renci esitligi icin 6nemli sonuclar
dogurabilecegini, farkli bolgelerdeki 6grenciler arasindaki esitsizlikleri daha da
kotiilestirebilecegini, ortaya koymustur. Calisma, yalnizca mevcut i¢ mekan
kosullarini iyilestirmek icin degil, ayn1 zamanda iklim degisikliginin olusturdugu
gelecekteki zorluklar: ele almak, enerji verimliligini artirmak ve en 6nemlisi tiim
ogrenciler icin esit ve destekleyici 6grenme ortamlari yaratmak icin egitim
binalarina iklime duyarl tasarim stratejilerinin dahil edilmesinin kritik ihtiyacini
vurgulamaktadir. iklime duyarli tasarimin égrencilerin saghg, refahi ve bilissel
performans: iizerindeki etkisini degerlendirmek i¢in daha fazla deneysel ¢alisma
onerilmektedir.

*1lgili Yazar, email: kuranliogludilan@gmail.com

1. Introduction

Educational environments have a crucial role in students’ learning outcomes [1] by influencing their motivation,
academic performance, health and well-being [2]. These environments involve a range of elements, including
physical, social and psychological factors that can be used to positively impact students’ sense of belonging in the
school environment, improve their engagement and support students with diverse learning needs [3]. A critical
aspect of these environments consists of physical conditions such as air quality, temperature, lighting, and noise
level. The optimum physical conditions in educational environments are achieved with climate-responsive design,
referring to architectural strategies to design buildings to respond to local climatic conditions, considering both
buildings’ energy performance against both current and future climatic challenges and students’ environmental
needs and expectations [4].

Future climate projections for 2030, 2050, and 2070 predict an average global temperature increase of 2.7 °C,
intensifying the challenges faced by existing educational buildings. Rising temperatures and shifting climatic
conditions contribute to increased energy consumption for heating, cooling, and ventilation, alongside straining
resources and exacerbating environmental impacts [5]. To address these challenges, improving energy efficiency
through advanced building design strategies, such as high-performance insulation, upgraded windows, and
optimised building envelopes, has become a priority. These measures can reduce a school building’s energy
consumption by 50% to 57% annually while enhancing resilience to future climatic variability [6]. Anticipatory
educational buildings, designed with future climate conditions in mind, are essential for maintaining safe,
comfortable, and effective learning environments [7]. Beyond reducing energy consumption, climate-responsive
design of learning environments plays a critical role in promoting educational equity by creating inclusive and
adaptable spaces. These designs support student engagement and equip learners with effective coping strategies
to address climate-related challenges. Ensuring that all students, regardless of their geographical location or local
climate, have access to equitable and inclusive learning environments reflects a global commitment to inclusivity.
Providing equal education opportunities, where no physical differences in built environment conditions or
climate-related challenges hinder learning outcomes, contributes to a more resilient and informed future
generation.

Creating a comfortable indoor environment requires assessing the climatic comfort conditions and understanding
the perceived climatic needs of students at an early stage of the architectural design process [8]. Although
considerable attention is given to climate-responsive design for enhancing indoor environments in effective
learning environments, this consideration is often overlooked in the architectural designs of educational buildings
in certain countries, such as Tirkiye.
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Despite the diverse climatic conditions in Tiirkiye, educational institutions are usually constructed based on
similar typological design standards [9], which may pose a significant challenge to developing educational
buildings that promote equality in the learning environment.

Typological approaches to educational building design often result in homogeneous learning environments that
fail to meet the diverse needs of students in different contexts [10]. These uniform designs typically emerge during
rapid expansion phases driven by administrative organisations, as they are considered both economically and
practically advantageous for addressing the increasing demand for educational facilities. While such designs are
recognised for their affordability and efficiency, they often fall short of indoor comfort and energy efficiency [11].
Research indicates that optimising indoor comfort strategies is crucial, especially in educational settings where
the well-being of users directly influences learning outcomes [12]. These deficiencies, therefore, may exacerbate
educational inequalities, inadvertently disadvantaging students in certain regions.

This study aims to examine whether educational buildings in Tiirkiye are designed uniformly across different
climatic regions, evaluate their climate responsiveness, and, in cases where climate responsiveness is lacking,
predict the potential short and long-term adverse impacts on student health and well-being and academic
performance, to promote equitable learning environments. This research utilised the Képpen climate classification
as the most widely used global climate classification system [13] to categorise Tiirkiye's climatic zones and
selected pilot cities representing regions with extreme heat and cold conditions. The application of this
classification to examine educational buildings in Turkiye, where such an analysis has not been previously
conducted, highlights the significance of this research [14]. Following this, the educational buildings in these cities
were assessed for design uniformity through architectural planning and overlapping analysis. In the next phase,
the climate responsiveness of the selected buildings is evaluated based on key design parameters, including
orientation, spatial layout, window-to-wall ratio, and other climate-responsive features, to determine how well
these buildings adapt to their local environmental conditions. After identifying the uniformity of educational
buildings across various climatic conditions and evaluating their lack of climate-responsive design, in the final
phase, the potential short- and long-term impacts of this situation were synthesised using insights from the
literature. This research highlights the often-overlooked intersection of climate, design, and education,
contributing to the ongoing discourse on creating equitable learning environments. It offers valuable insights for
administrative bodies, ministries of education, architects, and educators to rethink and redesign school building
infrastructure in ways that foster equitable learning opportunities and support academic success for all students.

2. Background
2.1. The role of the physical environment in the learning environment

Educational environments play a critical role in shaping the students’ learning experience, positively influencing
both cognitive performance and emotional well-being [15]. Numerous studies have consistently shown that indoor
environmental quality (IEQ) factors, such as lighting, thermal comfort, air quality, and noise levels, directly affect
students’ concentration, classroom participation and overall academic success [16]. For instance, classrooms with
sufficient daylight and proper ventilation enhance students' cognitive performance during lessons, whereas poor
thermal conditions or inadequate acoustics interfere with the learning process of students and increase their
stress levels [17]. Evidence suggests that low lighting levels and poor air quality in learning environments can
reduce cognitive performance by up to 36%, whereas optimal indoor comfort conditions, such as good lighting
and optimum air quality, enable 90% of students to complete given tasks effectively and on time [18]. Additionally,
high lighting levels have a booster impact on the time students spend on task completion by 41.7%. Similarly,
maintaining the classroom temperatures between the optimum range of 22.4°C and 24.7°C significantly improves
students’ cognitive performance [19]. Excessive noise levels, on the other hand, adversely impact students’ hearing
and comprehension abilities, thereby disrupting functional learning [20]. For this reason, designing learning
environments that adequately address students' physical and cognitive requirements is crucial to guiding them
toward achieving successful educational outcomes. Therefore, in countries like Tiirkiye, with diverse and extreme
climatic conditions, it is essential to prioritise indoor environmental quality (IEQ) and adapt educational buildings
to local climates using climate-responsive design strategies, not only supporting environmental sustainability but
also ensuring student comfort, promoting equitable and effective learning environments across all regions.

Standard projects primarily function as models utilised by the state to deliver rapid and cost-effective solutions
while also being preferred for their ability to reduce planning errors [21]. They are typically designed and
implemented by architects in a pilot region, often without considering critical factors such as land, climate, context,
and topography related to the specific function of the project, whether it be for health, education, or other public
structures [22]. Consequently, these standard educational designs overlook significant factors that are critical for
countries with diverse climatic conditions, such as Tiirkiye, which experiences a range of climates from the hot,
dry summers of the Mediterranean and Aegean regions to the cold winters of Eastern Anatolia.
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Despite the significance of climate-responsive design, public school buildings in Tiirkiye are typically constructed
using standardised architectural projects that rely on repetitive organisational layouts, neglecting to account for
climatic conditions [23]. The standard educational structures are revised based on heat calculations and ground
survey characteristics specific to the regions where they will be implemented. However, these revisions do not
incorporate a building design approach that considers the local climate [24].

Educational building designs must prioritise user comfort both in the short and long term while also being mindful
ofthe local climate conditions. The climate of the area where a building is constructed is a crucial factor that should
not be overlooked when considering indoor thermal comfort. Additionally, school buildings should be designed
with a flexible planning approach that not only addresses the needs of the current time but also considers the
future requirements of upcoming generations of students. The typical one-size-fits-all strategy can adversely
impact the quality of indoor comfort in educational spaces, particularly in areas with extreme climatic conditions
[25]. For instance, schools located in hot climates often face challenges with excessive heat accumulation and
insufficient cooling. In contrast, those in colder climates may not have the necessary insulation to keep
temperatures comfortable [26]. Such deficiencies in the built environment can result in discomfort, reduced
cognitive performance, and negatively impact students' overall well-being. In conclusion, the design of upcoming
school buildings should be tailored to ensure they are conducive to education and provide a comfortable indoor
environment. In this regard, there is an urgent need to reconsider the architectural design of educational facilities
in Tiirkiye better to address the environmental requirements of various climate zones.

2.2. Climate-responsive educational building design

Climate-responsive building design has gradually emerged as a vital strategy for creating sustainable and
comfortable learning environments, effectively addressing the urgent need for energy efficiency and improved
indoor comfort in educational facilities. Key parameters of climate-responsive building design include optimising
natural ventilation, thermal mass, shading, and orientation to adapt to climatic conditions, enhancing comfort and
energy efficiency [27] [28]. The climate responsiveness of this study was evaluated using the architectural
drawings of school buildings in the predefined pilot cities. Consequently, the parameters for the climate-
responsive design were limited to the information obtained from these drawings, such as building orientation,
insulation, shading, and the ratios of window-to-floor area (WFR) and window-to-wall area (WWR). These design
parameters can be further elaborated as follows;

Building Orientation: There is no universally correct building orientation that applies across all climatic
conditions. For instance, in warm climates, a southern orientation is preferred to maximise solar gain during the
winter while minimising it in the summer. Benharchache et al. (2023) have shown that southern, northern, and
eastern orientations are optimal for building placement in various regions of Algeria, significantly enhancing
energy conservation.
Insulation material and thickness: The application of insulation is influenced by regional conditions, the type of
materials utilised, and their thicknesses. Research conducted by Amani (2024) indicated that insulation materials
such as polystyrene and bio-composite fibers have substantially reduced energy consumption in specific regions,
resulting in savings that exceed 45%. Researchers also showed that effective thermal insulation can reduce heat
loss from roofs by 14.2% and from walls by 26.5%, resulting in significant energy savings in warm and humid
climates.

Window-to-Wall Area Ratio (WWR): The window-to-wall area ratio (WWR) refers to the proportion of window
area to the total exterior wall area of a building. An optimised window-to-wall area ratio (WWR) can provide
substantial energy savings; for instance, a recommended WWR of 65% is suggested for south and east-facing
facades in Mediterranean climates [31]. Conversely, A WWR exceeding 70% should be avoided in hot climates
unless adequate shading is provided to prevent excessive heat gain [32].

Window-to-Floor Area Ratio (WFR): The window-to-floor area ratio (WFR) is another crucial parameter for
optimising natural light, enhancing indoor comfort, and improving energy efficiency. Mirrahimi et al. (2013)
suggested that a WFR of 15% to 20% is ideal for classrooms in Malaysia, providing sufficient daylight considering
the temperature and humidity of the tropical climate. On the other hand, a higher WFR of approximately 20% is
generally recommended in temperate regions like Europe, where sunlight is less intense, to ensure adequate
daylighting [34].

Sun-Shading Elements: Integrating practical sun-shading elements, such as overhangs and shutters in building
facades can significantly reduce cooling energy consumption, particularly in regions with high solar radiation,
while improving thermal comfort [35].

Future Considerations: As climate change increases the demand for cooling, building designers are encouraged
to incorporate future climate scenarios into their design processes to ensure comfort and efficiency in hotter
regions [36].

Global examples illustrate that climate-responsive design strategies, such as optimising building orientation and
enhancing thermal comfort, can yield significant energy savings.
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Studies showed that these strategies have achieved up to 12% greater energy efficiency compared to traditional
methods in India [37], whereas educational buildings in hot-dry and hot-humid regions, like Iran, have also
benefited from optimal building orientation and the incorporation of green areas for shading, leading to improved
energy efficiency and user comfort [38].

These diverse climate examples underscore the potential advantages of climate-responsive design in creating
learning environments that prioritise both student comfort and energy efficiency, offering valuable insights for
Tiirkiye. Achieving a balance among climate-responsive design parameters is crucial for developing equitable
educational environments that align with optimal building performance and occupant comfort in various climate
conditions. Thus, this research has developed design recommendations to provide maximum occupant comfort
and equitable learning environments across various climates, particularly focusing on these key parameters.

2.3.The role of learning environment on educational equity

The physical conditions of educational environments typically depend on a standardised design, which often fails
to meet the unique needs of different regions, leading to issues of equity [39]. Research indicates that over 90% of
educational institutions suffer more damage from disasters, particularly those in communities with limited
funding or adverse climate conditions [40]. This situation highlights that students in regions facing challenging
climate conditions are more vulnerable to harmful environmental factors, which can negatively impact their
academic performance and overall health and well-being.

In Tiirkiye, disparities in educational infrastructure between central and peripheral regions and changing climate
conditions exacerbate existing inequalities. Infrastructure damage during the winter season can result in extended
class cancellations, leading to a loss of productive class hours. The cancelled classes each day due to environmental
factors can also cause missed opportunities for students to learn and issues of equity among students in various
climatic conditions [41]. Conversely, students in well-funded or temperate regions benefit from climate-
appropriate and comfortable learning environments, whereas those in harsher climates encounter numerous
challenges that undermine their motivation to learn, including health issues and anxiety related to natural
disasters [42].

Educational equity encompasses not only access to education but also the right of all students to learn in physically
suitable and comfortable environments that promote their well-being. In regions with extreme climate conditions,
students encounter additional obstacles such as thermal discomfort and poor air quality in educational settings,
as school buildings are often not designed to meet the specific climatic needs of the area. Although governments
have implemented various policies to address these challenges, such as adjusting school timetables and developing
heat response plans, significant gaps remain in effectively addressing posed by climate change [43]. Despite the
implementation of various policies by governments to address these challenges, such as adjusting school
timetables and developing heat response plans, significant gaps persist in effectively addressing the issues posed
by climate change. Consequently, the climatic suitability of learning environments has emerged as a critical area
of research, given its profound impact on students’ motivation, health, and academic performance.

2.4. Aim and hypotheses

School environments, where students spend the majority of their time, are essential not only for energy efficiency
and sustainability but also for their physical, cognitive, and psychological health, as well as their academic
performance [44]. The literature indicates that deficiencies in comfort, such as inadequate heating, cooling, and
ventilation, within educational environments adversely affect students' motivation, concentration, and overall
health [45]. For instance, insufficient natural lighting diminishes visual comfort and cognitive performance [46],
while a lack of thermal comfort poses risks to physical health in the learning environment [47]. Therefore, the
widespread adoption of standardised project designs, often implemented for economic and practical reasons,
overlooks local climate differences, which may lead to school buildings in various climatic zones, such as those in
Tiirkiye, failing to meet user needs and neglecting crucial factors like indoor comfort, energy efficiency, air quality,
and the principle of equitable education.

Despite a substantial body of research on the impact of environmental factors on learning [48], relatively few
studies in Tirkiye have specifically explored the role of climate-responsive design in enhancing educational equity
[49]. Current research on educational buildings in the country has mainly focused on standardised project design,
frequently neglecting the unique challenges presented by specific climatic conditions in various regions, as well as
the discomfort stemming from the inequitable environments in which students learn [50]. Moreover, the
relationship between climate-responsive building design and students' cognitive performance remains an under-
explored area within the Turkish context.
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This study aims to examine whether educational buildings in Tiirkiye are designed uniformly across different
climatic regions, evaluate their climate responsiveness, and, in cases where climate responsiveness is lacking,
predict the potential short- and long-term adverse impacts on student health, well-being, and academic
performance. This research utilised the Képpen climate classification to categorise Tiirkiye's climatic zones and
selected pilot cities representing extreme heat and cold regions. Following this, the educational buildings in these
cities were assessed for design uniformity through architectural plan analysis and overlapping analysis. In the next
phase, the climate responsiveness of the selected buildings is assessed based on key design parameters, including
orientation, spatial layout, window-to-wall ratio, and other climate-responsive features, to determine how well
these buildings adapt to their local environmental conditions. After identifying the uniformity of educational
buildings across various climatic conditions and evaluating their lack of climate-responsive design, in the final
phase, the potential short- and long-term impacts of this situation were synthesised using insights from the
literature.

The key hypotheses guiding this study are as follows:

Hypothesis 1: Educational buildings in Tiirkiye are designed uniformly across different climatic regions,
regardless of local climate conditions.

Hypothesis 2: The climate responsiveness of educational buildings in Tiirkiye is insufficient to meet the specific
needs of students in varying climatic zones.

This study explores how climate-responsive design strategies can advance equity in education by enhancing
indoor comfort, fostering supportive learning environments for all students, and improving energy efficiency. It
seeks to deepen the understanding of the relationship between architecture, climate, and educational outcomes,
providing valuable insights for future design practices and policies that prioritise sustainability and equity.
Furthermore, the research emphasises the necessity of a flexible planning approach in designing educational
facilities to address future climate comfort needs resulting from climate change.

3. Material and Method

Determination of pilot cities

Koppen climate classification

2

Classification of cities in Tiirkive into climate
classes

2

Selection of extreme hot and cold pilot cities of
climate classes

Determination of pilot schools

1
i

: Determining the common characteristics of

| schools (primary school, secondary school and
] high school)
i
|
1
1
|

Selection of basic education structures of the
same quality from pilot cities

H tesis 1 H tesis 2
Hypotesis1 _____ e — 1 Hypotesis

-

Identification of typological similarity Identification of climate responsive desing

hrccccccccee-

I 1 1 I 1 1 1
R Cit TR terR] Overlap Insulation  Shading Element  Orientation WWR WFR
plan analysis analysis

Discussing the Challenges of an
Unequal Learning Environments

Figure 1. Methodology Flow Diagram
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The accompanying diagram (Figure 1) illustrates the methodology flow, which visualises the methodology's
narrative. It was observed that educational structures concerning standard projects focused on thermal comfort
and the Koppen Climate Classification across different climate types had not been analysed. This gap highlights
one of the study's originality. Considering its global recognition, the Képpen Climate Classification was selected
for its validity and applicability in this research. Data on provinces and districts were sourced from the tables titled
"Climate Type and Climate Characteristics of Our Provinces and Some Districts According to Képpen," obtained
from the General Directorate of Meteorology [51]. Additionally, the annual average temperature, as well as the
average highest and lowest temperatures for each province in Tiirkiye classified by climate type, were visualised
using information from the "Seasonal Normals of Our Provinces (1991-2020)" table published by the General
Directorate of Meteorology [52]. Since districts are not included in this publication, their annual average
temperatures were accessed through the Weather Spark website [53]. In light of this information, tables were
created for each climate type, presenting annual average temperature, average maximum temperature and
average minimum temperature data in the context of the Képpen Climate classification of cities in Tiirkiye (see
Appendix 1).

The produced data was transformed into three stages of graphs to clarify the climate data of Tiirkiye, and define
pilot cities and schools for analysis. In the first stage, the general average temperatures of Tiirkiye, including the
average highest and lowest temperatures, were converted into graphs (see Figures 2, 3, and 4). Secondly, ten
Koppen climate types seen in Tiirkiye were compared through graphs of average, highest, and lowest
temperatures, highlighting pilot cities that exemplify each climate type (see Figures 5,6,7). Lastly, predefined pilot
cities with extreme temperature characteristics were compared with each other, focusing on extremely hot and
cold cities (see Figures 8 and 9). The similar characteristics of primary, secondary and high schools to address
the changing needs of users across different age groups were then tested based on two following hypotheses;

The first hypothesis of this study was whether educational buildings in Tiirkiye are designed uniformly across
different climatic regions, regardless of local climate conditions. Firstly, educational buildings in Tiirkiye were
compared regarding their architectural layouts using the pilot schools’ drawings obtained from the EKAP
(Electronic Public Procurement Platform), which provides architectural drawings of public school buildings in
Turkiye. For each pilot region experiencing different climate types, plan diagrams were developed for primary,
secondary, and high school buildings, with one representing extremely hot conditions and another depicting
extremely cold conditions. Secondly, the Mean Absolute Deviation Percentage (MDAP) analysis [54] was utilised
to evaluate the degree of overlapping among these designs. This analysis revealed the extent to which the sizes of
schools, particularly in spaces such as classrooms and corridors, varied in their architectural design.

The second hypothesis was whether the climate responsiveness of educational buildings in Tiirkiye is insufficient
to meet the specific needs of students in varying climatic zones. In order to test this hypothesis, accessible
parameters in the architectural drawings obtained from the EKAP platform were considered as indicators of
climate-responsive building design. These parameters were insulation material and thickness, shading elements,
building orientation, window and floor area ratio (WFR), and window and wall area ratio (WWR). The examination
focused on primary, secondary, and high school buildings located in extremely hot and cold pilot cities
representing each climate type.

Afterwards, the parameters were assessed against the guideline values specified for that region. Orientation,
shading elements, and window-to-floor areas (WFR) of classrooms were evaluated using the guidelines prepared
by the Ministry of National Education [55]. The suitability of insulation materials was assessed based on degree
day regions [56]. Furthermore, window-to-wall areas (WWR) and window-to-floor areas (WFR) [57] were
analysed based on the optimal values provided in the literature. In the final stage, the discussion focused on
whether a lack of climate responsiveness in educational buildings negatively impacts student health and well-
being, drawing on the findings from Hypotheses 1 and 2. The subsequent stage of this study, which is not included
in this manuscript, will focus on real-world applications, anticipating that the design of typical buildings in
different climates will lead to unequal learning environments, as indicated by both students’ feedback and
measurement results. In this stage, specific schools in various climates will be visited, and students’ comfort levels
and cognitive performance in that specific environment will be tested, considering instantaneous environmental
parameters such as daylight, temperature, noise level, etc.

4, Results

This study explores the typological similarities and climate responsiveness of school designs across Tiirkiye's
diverse climatic regions, explicitly examining how these designs adapt to local environmental conditions. In
addition, it addresses the need for equality among students whose learning environments are influenced by
varying climates and the challenges they encounter.
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By understanding these adaptations, the research aims to contribute to more equitable educational experiences
for all students, regardless of their geographic and climatic contexts.

4.1. Determination of pilot cities

The Képpen climate classification evaluated Tirkiye's diverse climatic regions by analysing average, maximum,
and minimum temperatures. The study examined variations among these categories, presenting results through a
series of graphs ranging from broad to specific insights. Figure 2 shows that the mean annual temperature in
Tiirkiye varies significantly, from approximately 6°C in the eastern provinces to 18°C in the southern coastal
regions, with middle areas falling in between. Figure 3 illustrates that average maximum temperatures can exceed
40°C in southeastern provinces like Sanliurfa during the summer, while northern coastal areas experience
temperatures of 30°C or lower. Conversely, Figure 4 indicates that average minimum temperatures can drop to -
15°C in eastern provinces such as Erzurum during winter, whereas western and coastal regions rarely fall below
5°C. These graphs highlight Tiirkiye's climatic diversity, aiding in the selection of pilot provinces, Sanliurfa and
Erzurum, representing extreme heat and cold, respectively, to assess the adaptability of school designs to local
climates.

Kippen Climate Classification Tiirkiye Average Temperatures
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Figure 2. Képpen Climate Classification Tiirkiye Average Temperatures

TEMPERATURES Kippen Climate Classification Tiirkiye Average Maximum Temperatures
45,0

40,0

oo / ~

e
January February March April May June July August September October November December

Figure 3. Képpen Climate Classification Tiirkiye Average Maximum Temperatures

TEMPERATURES Koppen Climate Classification Tiirkiye Average Minimum Temperatures
30,0

25,0
20,0
150
10,0

5,0

0,0

May June July August September October .\'OVH{’IBH \wmm‘

Figure 4. Koppen Climate Classification Tiirkiye Average Minimum Temperatures

As illustrated in the graphs, temperature differences within a single province in Tiirkiye can range between 15°C
and 20°C even during the same month, underscoring the inadequacy of relying on typological similarity for such
diverse climatic conditions. The Koppen climate classification categorises climate groups using a three-letter
system.
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The first letter identifies the general climate type: A (Equatorial Region), B (Arid Region), C (Warm Temperate
Region), D (Snow Region), and E (Polar Region). The second letter specifies precipitation patterns, while the
third details temperature variations [58].

The study analysed the average highest and lowest temperatures across the 10 Képpen climate types in Tiirkiye,
along with the overall temperature averages. Figure 5 indicates that the annual average temperature ranges from
18°C in the colder D climate type to 33°C in the hotter B climate type. Figure 6 highlights that average summer
temperatures exceed 40°C in southeastern provinces like Sanliurfa, whereas other provinces typically see peaks
below 30°C. In contrast, Figure 7 illustrates that average lows can drop to -17°C or lower in eastern provinces
such as Ardahan, while in other areas like Ceylanpinar, winter temperatures rarely fall below 5°C. These numerical
variations were essential for identifying pilot cities where specific climate types were most prominent. The
findings are presented graphically to offer a more precise visual representation of the significant climate changes
across Tiirkiye.

Turkiye Képpen Climate Classification Average Temperatures

30,0

10,0

TEMPERATURES

50

00

€ = §s 5 268 € = § &5 25§ € = §s5 36§58 g
50 s g3z § " S - I g = s g3z § = s
& 9 z2 & e z & @ z
00 Csa Cfa Cfb Csh BSk BSh Dfa Dfb Dsa Dsh
-10,0
150
Figure 5. Tiirkiye Képpen Climate Classification Average Temperatures
Tiirkiye Kdppen Climate Classification Average Maximum Temperatures
45,0
sanhurfa _ Ceylanpmnar/sanhurfa_
40,0 [) [ ]
o Malatya __ ™M
35,0 Kocaeli P __Mus_ &
o Urgtip/ ® F Géksun/
Corum Nevsehir Kahramanmarag
300 & ] _Oltu/Erzurum Erzurum
@ o
25,0
20,0
15,0
10,0
5,0
0,0
= > = I T N = s = W = n 3 o3 o4 = = > = =W = b 3 o = = 5
§55f :£S:£235392§53F :ct£f23F5Fi:fiEIR occE3RsEEzEEiE
2 <" =2 2 S e e 2 PEZTT 8 - PEZITT 2 2=t E 2 e 2 LT B
50 = s = zgzgs& 393 § = 23z Zg5 S 2 gss ZFd3 E
- ¢ g2 sl 23 ¢ g © ° B g2 e
3 a =z = z 4 o =
-10,0 Csa Cfa Cib Csh BSk Bsh Dfa Dfb Dsa Dsh

Figure 6. Tiirkiye Képpen Climate Classification Average Maximum Temperatures

290



Designing Climate-Responsive Learning Environments: Rethinking Educational Buildings Across Tiirkiye's Diverse Climatic Zones

Tiirkiye Kdppen Climate Classification Average Minimum Temperatures
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Figure 7. Tiirkiye Koppen Climate Classification Average Minimum Temperatures

In the context of the Kdppen climate classification, the climate types of Tiirkiye, along with the differences between
them and the extreme hot and cold pilot cities associated with each type, have been analyzed. The coldest pilot
cities, represented in Figure 8, include Ceylanpinar and Ardahan, where average winter temperatures range from
2°C to -16°C. In contrast, the warmest pilot cities, depicted in Figure 9, experience summer temperatures often
reaching between 25°C and 35°C, with extreme highs approaching 40°C. These significant differences highlight the
inadequacy of typologically designed educational structures in providing equitable learning environments across
regions. For example, schools in Ardahan may struggle to maintain thermal comfort during harsh winters, while
those in Sanlurfa face challenges in cooling during the intense summer heat. This inability to adapt to diverse
climatic conditions emphasizes the urgent need for climate-responsive design tailored to the specific
environmental demands of each region.
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Figure 8. The differences observed among the coldest pilot cities
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Extremely Warm Cities in the Képpen Climate Classification
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Figure 9. The differences observed among the warmest pilot cities

4.1. Hypothesis 1: Identification of typological similarity

The first hypothesis evaluated the degree of uniformity in school designs across pilot cities with varying climate
types through an overlap analysis of plan schemes. The results indicated a high level of typological similarity
among schools in these regions. To determine whether schools in pilot provinces with extreme climate values were
designed as uniform projects, detailed data were collected from EKAP. Plan schemes, building sizes, and the
percentage overlap of spaces for primary, secondary, and high school projects of the same quality were analysed
in a typological context using MADP analysis.

The findings revealed significant overlap: primary schools exhibited a 69% typological overlap, secondary schools
had the highest at 92%, and high schools also showed a 69% overlap. Furthermore, variations in building sizes
across different provinces were minimal, with differences averaging only 5-8% between regions.

These results demonstrate that educational buildings are predominantly uniform in design despite being situated
in provinces with distinct climatic conditions. For example, schools in Erzurum (cold snow climate, D) and
Sanlurfa (hot arid climate, B) share nearly identical layouts and building dimensions, highlighting the inadequacy
of current typological designs in meeting climate-specific needs.

4.1.1. Plan schemes analysis
4.1.1.1. Primary schools

The analysis of primary school projects in pilot provinces with varying climatic conditions revealed that the plan
schemes were predominantly similar and linear. As illustrated in Figure 10, most schools followed a linear design,
with classrooms and administrative spaces organised along central corridors. For instance, primary schools in
Ardahan (climate D) and Sanlurfa (climate B), representing two extremes in temperature differences, exhibited
nearly identical layouts, featuring average corridor widths of 2.5 meters and classroom sizes of approximately 50
square meters. These findings underscore the lack of adaptation to regional climate needs, as the same linear
layouts are employed despite significant variations in temperature and environmental conditions between the
provinces.
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Figure 10. Primary school project plan schemes

4.1.1.2. Secondary schools

Secondly, the analysis of secondary school projects in pilot provinces with varying climate conditions revealed
that the layout schemes were predominantly similar and followed a linear pattern, as depicted in Figure 11.
Notably, a striking resemblance was observed between the designs of secondary and primary schools. For
instance, corridor widths and classroom sizes in secondary schools closely align with those in primary schools,
averaging 2.5 meters and 50 square meters, respectively. This homogeneity underscores the lack of climate-
responsive and user-specific considerations in the design process. The standardised layouts fail to address the
unique needs of secondary school users, particularly older students who require differentiated spatial
arrangements to enhance their learning environments. Consequently, the findings highlight that secondary
schools, much like primary schools, are designed without specific adaptations to their users' diverse climatic and
educational needs.
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Plan Diagrams of Schools in Extreme Warm Pilot Cities Plan Diagrams of Schools in Extreme Cold Pilot Cities
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Figure 11. Secondary school project plan schemes
4.1.1.3. High schools

Finally, the analysis of high school projects in pilot provinces with varying climates revealed that the architectural
plan schemes displayed a notably similar and predominantly linear design, as illustrated in Figure 12. It was
emphasised that there was consistent adherence to standard layouts across regions. When comparing the
architectural plans of basic educational buildings (primary schools, secondary schools, and high schools), a high
degree of similarity was observed, regardless of climate type or user group. In particular, the architectural designs
of these schools did not reflect significant adjustments to accommodate the differing needs of user groups. This
lack of differentiation becomes especially problematic as the average age of the user groups increases. [59] noted
that metabolic rates change with age, directly impacting comfort standards, particularly thermal comfort. For
instance, younger students in primary schools may have lower thermal comfort requirements, while older
students in high schools need different environmental conditions to maintain comfort and focus. However, the
design uniformity across educational structures fails to consider these metabolic and comfort differences, further
underscoring the inadequacy of typological designs in providing equitable and climate-responsive learning
environments.
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Figure 12. High school project plan schemes

4.2.2. Overlap analysis

The study conducted a comprehensive analysis to evaluate the typological similarity of school architectural
designs by calculating the overlap percentages of various spaces. The classroom, being the primary space where
students spend most of their time and crucial for cognitive performance, was prioritised in the analysis. Following
the classroom, corridor spaces and other areas were also included in the overlap calculations, providing a
thorough understanding of how different spaces in schools compare. As seen in Table 1, a significant finding was
that middle schools exhibited an impressive 92% overlap in their architectural plans, indicating a strong similarity
in design across various middle schools. Additionally, both primary and high schools showed a 69% overlap,
highlighting notable similarities in their architectural plans despite differences in educational levels. Furthermore,
the MADP value, particularly for classrooms, remained below 5, reflecting minimal differentiation. These results
emphasise the importance of considering not only the plan schemes but also the actual spatial configurations when
evaluating the typological similarities of schools. The findings indicate that while there are distinct characteristics
in school designs, there is a significant level of uniformity, especially among primary, secondary, and high schools,
suggesting a need for more climate-responsive and user-specific design approaches.

Table 1. Overlap analysis

Primary School Secondary School High School

MADP

Classrooms: 4,6
Corridors: 3,4
Other Areas: 6,6

Classrooms: 3,9
Corridors: 2,4
Other Areas: 3,9

Classrooms: 4,1
Corridors: 5,5
Other Areas: 8,2

Standard Deviation

Classrooms: 6,6
Corridors: 4,9
Other Areas: 9,4

Classrooms: 5,0
Corridors: 3,0
Other Areas: 4,7

Classrooms: 5,3
Corridors: 7,7
Other Areas: 12,5

Overlapping Percentage

69%

92%

69%
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The analysis revealed that the architectural plans of primary, secondary, and high schools across various climate
types in Tirkiye exhibit a high degree of similarity. Notably, the study confirmed significant typological similarity
among these educational structures, with a 69% overlap for primary and high schools and an impressive 92% for
secondary schools. This indicates that the designs remain largely uniform despite differing climatic conditions.
Moreover, there is no substantial variation in the architectural designs of these schools across different user
groups. Therefore, it is crucial to emphasise the need for schools to be designed in a manner that adapts to the
evolving needs of their users.

4.3. Hypothesis 2: Identification of climate responsive design

The second hypothesis of this study posits that the climate responsiveness of educational buildings in Tiirkiye is
insufficient to meet the specific needs of students across varying climatic zones. To test this hypothesis,
accessible parameters from the EKAP platform, such as insulation material and thickness, shading elements,
building orientation, window floor area ratio (WFR), and window wall area ratio (WWR), were considered as
indicators of climate-responsive design. These parameters were examined in primary, secondary, and high
school buildings located in regions characterised by extremely hot and cold climates. Subsequently, these
parameters were evaluated against the guideline values specified for each region.

4.3.1. Insulation

Insulation was analysed due to its crucial role in ensuring thermal comfort within buildings [60]. The window floor
area ratio was also considered, as it impacts both thermal and lighting comfort in relation to the depth and fagade
of a space [61]. The window wall ratio is another important parameter influencing comfort, particularly through
facade design and orientation, and should vary according to climate [62]. Building orientation inherently affects
all these window and fagcade ratios [63]. Additionally, shading elements are essential design features that must be
integrated into facade design to meet climate requirements [64]. Upon examining the insulation parameters of
primary school projects (Table 2), secondary school projects (Table 3), and high school projects (Table 4), it
becomes evident that, despite attention to insulation, there is a noticeable tendency to overuse materials, which
adversely impacts cost-effectiveness. For instance, primary schools typically employ 8 cm of Stone Wool wall
insulation thickness in 3rd Degree day zones, while the recommended insulation for these zones is only 5 cm,
suggesting potential material overuse. Similarly, secondary schools utilise 10 cm of XPS wall insulation, whereas
the recommended insulation for 4th Degree day zones is just 6 cm. In high school projects, insulation also tends to
exceed recommended parameters, with instances of using up to 5 cm of Stone Wool when only 4 cm of insulation
is necessary for 2nd Degree zones. This overuse can result in unnecessary costs without significantly enhancing
thermal comfort.
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PRIMARY SCHOOL TYPE PROJECTS

Koppen Climate| Képpen Climate Classification | MEB Climate Degree Day - . Recommended
Classification Codes Classification Regions Existing Insulation Insulation Control

Csa Van Hot Dry 4. Degree Wall: 5 cm Rock Wool Wall: 6 cm X

Cfa Tosya/Kastamonu Hot Humid 3. Degree Wall: 5 cm EPS Wall: 5 cm v

Cfb Kastamonu Hot Humid 4. Degree Wall: 5 em Rock Wool Wall: 6 cm X
Csb Sivas Hot Dry 4. Degree Wall: 7 cm EPS Wall: 6 cm v
coLD BSk Konya Cold 3. Degree Wall: 8 cm Rock Wool Wall: 5cm v
BSh Ceylanpinar/Sanhurfa Hot Dry 2. Degree Wall : 5 cm Glass Wool Wall: 4 cm v

Dfb Ardahan Cold 4. Degree Wall: 5 cm EPS Wall: 6 cm X

Dsa Mus Cold 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm v
Dsb Agn Cold 4. Degree Wall: 3 cm XPSX5 cm Rock Wool Wall: 6 cm v

Csa Sanlurfa Hot Dry 2. Degree Wall: 4 cm XPS Wall: 4 cm +
Cfa Afyonkarahisar Hot Humid 3. Degree Wall: 6 cm EPS Wall: 5 cm v

Cfb Kastamonu Hot Humid 4. Degree Wall: 5 em Rock Wool Wall: 6 cm X
Csb Giimiishane Hot Dry 4. Degree Wall: 7 cm XPS Wall: 6 cm v

WARM BSk Malatya Cold 3. Degree Wall: 5 cm Rock Wool Wall: 5 cm Vv
BSh Ceylanpinar/Sanhurfa Hot Dry 2. Degree Wall: 5 cm Glass Wool Wall: 4 cm v
Dfb Erzurum Cold 4. Degree Wall: 8 cm Rock Wool Wall: 6 cm v

Dsa Mus Cold 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm v
Dsb Agn Cold 4. Degree Wall: 3 cm XPSX5 cm Rock Wool Wall: 6 cm v
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Table 3. Investigation of insulation parameters of secondary schools

SECONDARY SCHOOL TYPE PROJECTS

Képpen Climate| Képpen Climate Classification | MEB Climate Degree Day L . Recommended
Classification Codes Classification Regions Existing Insulation Insulation Control
Csa Van Hot Dry 4. Degree Wall: 5 ecm Rock Wool Wall: 6cm X
Cfa Tosya/Kastamonu Hot Humid 3. Degree Wall: 5 ecm EPS Wall: 5cm v
Cfb Kastamonu Hot Humid 4. Degree Wall: 6 cm Rock Wool Wall: 6cm v
Csb Sivas Hot Dry 4. Degree Wall: 7 em XPS Wall: 6cm v
coLb BSk Konya Cold 3. Degree Wall: 5 cm XPS Wall: 5cm N
BSh Ceylanpinar/Sanlurfa Hot Dry 2. Degree Wall: 5 cm Glass Wool Wall: 4cm vV
Dfb Ardahan Cold 4. Degree Wall: 5 cm EPS Wall: 6cm X
Dsa Mus Cold 4. Degree Wall: 6 cm Rock Wool Wall: 6cm v
Dsh Agn Cold 4. Degree Wall: 8 cm Rock Wool wall: 6cm N~
Csa Sanhurfa Hot Dry 2. Degree Wall: 5 cm Glass Wool Wwall: 4cm v
Cfa Afyonkara hisar Hot Humid 3. Degree Wall: 6 cm EPS wall: 5cm v
Cfb Kastamonu Hot Humid 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm N
Csb Gumiighane Hot Dry 4. Degree Wall: 10 cm XPS Wall: 6cm v
WARM BSk Malatya Cold 3. Degree Wall: 5 cm Rock Wool Wall: 5cm v
BSh Ceylanpinar/Sanliurfa Hot Dry 2. Degree Wall: 5 cm Glass Wool Wall: 4cm o
Dfb Erzurum Cold 4, Degree Wall: 5cm Rock Wool Wall: 6cm X
Dsa Mus Cold 4. Degree Wall: 6 cm Rock Wool Wall: 6cm v
Dsh Agn Cold 4. Degree Wall: & cm Rock Wool wall: 6cm N~

Table 4. Investigation of insulation parameters of high schools

HIGH SCHOOL TYPE PROJECTS

Képpen Climate| Képpen Climate Classification | MEB Climate Degree Day - . Recommended
L i i i Existing Insulation i Control
Classification Codes Classification Regions Insulation
Csa Van Hot Dry 4, Degree Wall: 5 cm XPS Wall: 6cm X
Cfa Tosya/Kastamonu Hot Humid 3. Degree Wall: 6 cm Rock Wool Wall: 5¢cm A
Cfb Kastamonu Hot Humid 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm Vv
Csh Sivas Hot Dry 4. Degree Wall: 5 cm XPS Wall: 6cm
COLD
BSk Konya Cold 3. Degree Wall: 5 cm XPS Wall: Scm v
BSh Ceylanpinar/Sanhurfa Hot Dry 2. Degree Wall: 5ecm Rock Wool Wall: 4cm v
Dsa Mus Cold 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm Vv
Dsh Agn Cold 4. Degree Wall: 8 cm Rock Wool Wall: 6cm v
Csa Sanhurfa Hot Dry 2. Degree Wall: 5 cm Rock Wool wall: 4cm e
Cfa Afyonkarahisar Hot Humid 3. Degree Wall: 6 cm EPS Wall: 5cm v
Cfb Kastamonu Hot Humid 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm Vv
BSk Malatya Cold 3. Degree Wall: 6 cm Rock Wool Wall: 5¢cm v
WARM
BSh Ceylanpinar/Sanlurfa Hot Dry 2. Degree Wall: 5ecm Rock Wool Wall: 4cm N
Dfb Erzurum Cold 4, Degree Wall: 5cm Rock Wool Wall: 6cm X
Dsa Mus Cold 4. Degree Wall: 6 cm Rock Wool Wall: 6 cm
Dsbh Agn Cold 4. Degree Wall: 8 cm Rock Wool Wall: 6 cm v
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4.3.2. Orientation and shading elements

It is evident that shading elements and orientation parameters are largely overlooked in various educational
projects. In the primary school projects (Table 5), it is particularly notable that the shading elements mandated
by the Ministry of National Education are absent in 85% of the analysed schools located in hot and dry regions,
such as Sanliurfa and Van. Additionally, none of the 18 primary schools examined implemented orientations
correctly, with an average deviation of 15° from the recommended angles. A similar trend is observed in secondary
school projects (Table 6), where 78% of the schools lacked appropriate shading elements, and the orientation was
incorrectly implemented in 12 out of 18 schools, deviating by an average of 12° from optimal orientations. In
contrast, high school projects (Table 7) demonstrate a more favourable situation, as shading elements were
present in 3 out of 5 schools in the hot and dry region, where they are required, indicating a positive shift toward
climate-responsive design. However, even in these cases, the average deviation of orientation from the
recommended angles is 10°, suggesting that further improvements are necessary across all levels of education.

Table 5. Investigation of shading element and orientation parameters of primary schools

Képpen Climate | Kdéppen Climate Classification MEB Climate | Shading Element Shading Element Shading Element Orientation Orientation Orientation
Classification Codes Classification (Existing) (Recommended) (Control) (Existing) (Recommended) [Control)
CsaVan Hot Dry - Oblgatory X 5* Southeast 25° South-Southeast X
Cfa Tosya/Kastamonu Hot Humid EPS Jamb Recommended Vv 40" Southwe st 5* South-Southeast X
Cfb Kastamonu Hot Humid = Recommended X 49° Southwe st 5° South-Southeast X
Csb Sivas Hot Dry - Obligatory X 23 Southwe st 25° South-Southeast X
COLD Bsk Konya Cold = Not Necessary S 9* Southeast 12° South-Southeast X
BSh Ceylanpinar/Sanlurfa Hot Dry - Oblgatory X 27 Southeast 25° South-Southeast X
Dfb Ardahan Cold Jamb Mot Necessary X 37° Southwest 12° South-Southeast X
Dsa Mus Cold EPS Jamb Not Necessary X 46" Southeast 12° South-Southeast X
Dsb Agn Cold - Not Necessary V 457 Southwe st 12° South-Southeast X
Csa Sanhurfa Hot Dry - Oblgatory X 5* Southeast 25° South-Southeast X
Cfa Afyonkarshisar Hot Humid EPSJamb Recommended Vv 33° Southwest 5* South-Southeast X
Cfb Kastamonu Hot Humid = Recommended X 49° Southwe st 5° South-Southeast X
Csh Gimighane Hot Dry - Oblgatory X 76° Southeast 257 South-Southeast X
WARM Bsk Malatya Cold EPS Jamb Mot Necessary X 46 Southeast 12*° Sputh-Southeast x
BSh Ceylanpinar Sanlurfa Hot Dry - Obligatory X 27" Southeast 25° South-Southeast X
Dfb Erzurum Cold EPS lamb Mot Necessary X 2 Southwest 12° South-Southeast X
Dsa Mus Cold EPSJamb Mot Necessary X 46" Southeast 12° South-Southeast X
Dsh Agn Cold - Mot Necessary Vv 45% Sputhwest 12° South-Southeast X
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Table 6. Investigation of shading element and orientation parameters of secondary schools

Koppen Climate | Koppen Climate Classification MEB Climate | Shading Element Shading Element Shading Element Orientation Orientation Orientation
Classification Codes Classification (Existing) [Recommended) [Control) (Existing) [Recommended) (Control)
Csa Van Hot Dry - Obligatory X 57° Southwest 25° South-Southeast X
Cfa Tosya/Kastamonu Hot Humid EPS lamp Recommended v 24° Southeast 5* South-Southeast X
Cfb Kastamonu Hot Humid EPS lamp Recommended J 75° Southeast 5* South-Southeast X
Csh Sivas Hot Dry - Obligatory X 5° Southwest 25° South-Southeast X
coLp BSk Konya Cold Jamp Not Necessary X & Southeast 12° South- Southeast X
B5h Ceylanpinar/Sanlurfz Hot Dry - Obligatory X 4° Sgutheast 25° South-Southeast X
Dfb Ardahan Cold Not Necessary v 74 Southeast 12° South-Southeast X
Dsa Mus Cold lamp Not Necessary X North-South 12° South-Southeast X
Dsb Agn Cold Jlamp Not Necessary X 15° Southeast 12*® South-Southeast X
Csa Sanlurfa Hot Dry - Oblgatory X 15* Southeast 25° South-Southeast X
Cfa Afyonkarahsar Hot Humid EPS lamp Recommended v 10 Southeast 5* South-Southeast X
Cfb Kastamonu Hot Humid EPS lamp Recommended J 75° Southeast 5° South-Southeast X
Csh Gimushane Hot Dry - Oblgatory X 7 Southwest 25° South-Southeast X
WARM BSk Malatya Cold Not Necessary v 7* Southwest 12*° Sputh-Southeast X
B5h Ceylanpinar/Sanlurfz Hot Dry - Obligatory X 4° Sgutheast 25° South-Southeast X
Dfb Erzurum Cold Jamp Not Necessary X 14° Southwe st 12° South-Southeast X
Dsa Mug Cold lamp Not Necessary X North-South 12° South-Southeast X
Dsb Agn Cold Jamp Not Necessary X 15* Southeast 12° South-Southeast X
Table 7. Investigation of shading element and orientation parameters of high schools
Képpen Climate | Kdéppen Climate Classification MEB Climate | Shading Element Shading Element Shading Element Orientation Orientation Orientation
Classification Codes Classification (Existing) (Recommended) (Control) (Existing) (Recommended) (Control)
CsaVan Hot Dry lamp Oblgatory S 30" Southwest 25° South-Southeast X
Cfa Tosya/Kastamonu Hot Humid Recommended X Vazivet yok 5° Sputh-Southeast X
Cfb Kastamonu Hot Humid EPS lamp Recommended J 10° Southwest 5° South-Southeast X
Csh Sives Hot Dry XPS Jamp Obligatory vV North-South 25" South-Southeast X
coLD
BSk Konya Cold lamp Mot Necessary X & Southwest 12° Sguth-Southeast X
Bsh Ceylanpinar/Sanlurfa Hot Dry - Oblgatory X 20" Southwest 25° Sguth-Southeast X
Dsa Mus Cold Mot Necessary o 44° Sputheast 12° Sputh-Southeast X
Dsh Agn Cold lamp Mot Necessary 9 Southwest 12° South-Southeast X
Csa Sanlurfa Hot Dry lamp Obligatory S 19° Southwest 25° South-Southeast X
cfa Afyonkarshsar Hot Humid Recomme nded X 24° sputhwe st 5° South-Southeast X
Cfb Kastamonu Hot Humid EPS lamp Recommended J 10° Southwest 5° South-Southeast X
Bsk Malatya Cold EPS lamp Mot Necessary X 17° Southeast 12° Sguth-Southeast X
WARM

Bsh Ceylanpinar/Sanlurfa Hot Dry - Oblgatory X 30° Southwest 25° Sguth-Southeast X
Dfb Erzurum Cold lamp Mot Necessary 8 Southeast 12° South-Southeast X

Dsa Mus Cold Mot Necessary v 44° Southeast 12° South-Southeast
Dsb Agn Cold Jamp Mot Necessary o Southwest 12° South-Southeast X

4.3.3. Window-to-wall area ratio (WWR)

Regarding the window-to-wall area ratio (WWR) parameter, some harmony is observed in the facades of primary
school buildings, with 11 out of 18 schools showing consistent design (Table 8). However, there are no instances
where every facade is harmonised. In analysing selected classrooms, this lack of compatibility can negatively
impact interior comfort conditions. Additionally, it was found that 55.5% of the classrooms are situated on the
east and west facades. In secondary schools (Table 9), only 7 out of 18 projects—approximately half—were
designed in accordance with the recommended ratio, and no classrooms met the appropriate ratio criteria.
Furthermore, in secondary school projects, 50% of the schools are also located on the east and west facades. In
high school projects (Table 10), appropriate values for the WWR are more frequently observed compared to
primary and secondary schools. In these projects, at least one facade (13 out of 15) falls within the recommended
ratio range in nearly all schools. Another noteworthy observation is that, unlike primary and secondary schools,

almost all high school classroom facades (13 out of 15) are oriented toward the south and north.
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However, the classroom arrangements do not align with climate zone recommendations, as observed in the
primary and secondary schools.

Table 8. Investigation of window-wall area ratio (WWR) parameters of primary school

PRIMARY SCHOOL TYPEPROVECTS Window-Wall Area Ratio (%) sample Classrooms
Koppen Cimate| Koppen dimate. ification North ded South REC ded East ReC! ded west ded N -
Qassification codes Facade %5-10 Faade |  %10-225 | racade %10-15 racade | %1035 orientation T== control
€sa van BAR e x 18,18 x 193 X East West 30,6 x
CfaTosya/Kastamonu 55 v 72 X 172 X 214 X Ezst West r.} X
Cfb Kastamonu 53 25 x 174 x 234 x East West 8,5 x
Csb Sivas 15 X 4,8 X 158 X 173 X South East West 5:34,8E:286 W:25,1 %
cow BSk Konyz 035 H 4,56 X 2528 X 23,05 East West 54,83 ]
Bsh ceyianpmar/ganiurfa 247 X 20,2 < 52 X 54 X North South 35,8 %
Dfb &rdahan 10,58 x 3,51 x 045 x 34,13 x South North West 520 N:ZTW:3429 s Nuxwx
Dsa hug 163 b3 19,4 o 13 o A b3 North South 30 ®
Dsb AF 03 H 25 X 254 X 203 H EastWest 39,8 ]
North ded | south | Rec ded | East ReC ded | west ded sample Glassroams
Facade %5-10 Facade %1522 Facade %10-15 Facade %1015
Csa Sanhura a2 x 52 x 55 x 24 x East West 36,1 x
cfa Mfyonkarshisar 2,8 X L] X 82 X 245 X East West %6 %
Cfb Kastamont =] v 25 X 174 X X East West %5 x
Csh Gimiighane 251 H 25,4 x 215 x H North South 31 ]
WARM BSk Malatys 28,03 v 3323 X 1642 o v North South 21,77 ®
B5h Ceyianpmar/ganiurfa 247 H 20,2 < 52 X 54 H North South 35,8 ]
Dfb Erzurum 215 v 24,82 x agza x 329 X North South a3 x
Dsa hug 163 b3 19,4 o 13 o A b3 North South 30 ®
Dsb A 03 x 25 x FLY'} x 203 x EastWest 39,8 x

Table 9. Investigation of window-wall area ratio (WWR) parameters of secondary school

SECONDARY SCHOOL TYPE PROJECTS Window-Wall Area Ratio (%) Sample Classrooms
Koppen Climate| K&ppen Climate Classificati North South East West . — ——
Classification Codes Facade %5-10 Facade %10-22.5 Facade %10-15 Facade %10-15
CsaVan 19 X 16,9 v 243 X 20,9 X East West 40,4 X
Cfa Tosya/Kastamonu 54 v 72 X 169 X 195 X East West 28,6 X
Cfb Kastamonu 96 v 124 v 26,2 X 256 X East West 4,5 X
Csb Sivas 38 X 38 X 21,7 X 282 X East West 35,2 X
coLp BSk Konya 47 X 47 X 26 X 27,2 X East West 43,6 X
BSh Ceylanpinar/Sanliurfa 264 X 26,1 X 4 X 43 X North South 37,3 X
Dfb Ardahan 24,2 X 04 X 73 X 59 X East West North E-W: 20 N: 34,2 X
Dsa Mus 36 X 10,6 v 22,9 X 16,3 X East West 30,9 X
Dsb Agri 289 X 24,9 X 23 X 44 X North South 22,7 X
North South East West e —
Facade %5-10 Facade %10-22.5 Facade %10-15 Facade %10-15
Csa Sanliurfa 11,1 X 43 X 27,2 X 26,3 X East West 36,1 X
Cfa Afyonkarahisar 36,8 X 308 X 27 X 22,2 X North South 38,7 X
Cfb Kastamonu 96 v 124 v 26,2 X 256 X East West a5 X
Csb Giimiishane 274 X 221 X 0 X 204 X North South 31 X
WARM Bsk Malatya 31 X 237 X 123 v 25 X North South 3,4 X
BSh Ceylanpinar/Sanliurfa 264 X 26,1 X 4 X 43 X North South 37,3 X
Dfb Erzurum 25 b3 232 X 67 X 67 X North South N:37,55:42,2 X
Dsa Mus 36 X 10,6 v 22,9 X 163 X East West 30,9 X
Dsb Agri 289 X 24,9 X 23 X a4 X North South 42,7 X
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Table 10. Investigation of window-wall area ratio (WWR) parameters of high school

HIGH SCHOOL TYPE PROJECTS Window-Wall Area Ratio (%) Sample Classrooms
Képpen Climate| Kappen Climate C North South East West Orientation begree control
Classificati Codes Facade %5-10 Facade |  %10-22.5 Facade %10-15 Facade %10-15 rentatl g
CsaVan 24,7 x 232 v 67 X 67 X North South N:385:42,8 X
Cfb Kastamonu 27,6 X 30,7 X 1 v 37 X North South 363 X
Csb Sivas 31,7 X 408 X 16,7 X 184 X North South 41,1 X
coLp BSk Konya 67 v 47 X 2 x 232 X East West E: 36,6 W: 27,4 x
BSh Ceylanpinar/Sanliurfa 251 x 37 X 114 7 19 X North South 389 X
Dsa Mus 16 X 182 v 25 X 201 X North South 233 X
Dsb Agni 19,2 X 185 v 43 X 11,2 v North South 255 X
North South East West A
Facade %5-10 Facade |  %10-22.5 | Facade %10-15 Facade %10-15 P
Csa Sanliurfa 24 x 165 v 57 x 57 X North South 26 X
Cfa Afyonkarahisar 43 x 161 v 39 x 31 X North South 43 x
Cfb Kastamonu 27,6 x 30,7 X u v 37 X North South 363 X
BSk Malatya 17,5 X 26,2 X 96 X 96 X North South 34 X
WARM
BSh Ceylanpinar/Sanliurfa 251 X 37 X 114 v 19 X North South 389 X
Dfb Erzurum 72 v 71 X 237 X 215 X East West E:27W:36,6 X
Dsa Mus 16 x 182 & 25 X 201 X North South 233 X
Dsb Agri 19,2 x 185 v 43 11,2 v North South 255 x

4.3.4. Window-to-floor area ratio (WFR)

The window-to-floor area ratio (WFR) shows appropriate values on at least one facade in 7 out of 18 primary
schools (Table 11). Additionally, 4 out of 18 classrooms meet the appropriate WFR criteria. However, none of the
classrooms achieved the 25% rate the Ministry of National Education recommended. In secondary schools (Table
12), none of the 18 schools in extremely cold cities fall within the appropriate value range, while 3 schools in
extremely hot pilot cities meet the criteria. When examining the optimal WFR value range for classrooms, it is
observed that only 6 out of 18 schools achieve this standard. In high school projects (Table 13), none of the 15
schools in extremely cold cities meet the appropriate value range, while 3 schools in extremely hot pilot cities
comply. The same pattern is evident in classrooms, as the 25% WFR rate recommended by the Ministry of National
Education is absent in all high schools, similar to the findings in secondary and primary schools.

Table 11. Investigation of window-floor area ratio (WFR) parameters of primary school

PRIMARY SCHOOL TYPE PROJECTS

Window-Floor Area Ratio (%)

Sample Classrooms

Kippe_"_c"'_“a‘e Kappe"_c"":‘:es North Facade Re:;’_’;f;:ed South Facade | "7 East Facade o West Facade R“;"]‘:';:"Ed Orientation Degree Control REE Re;’zms'“"“d
CsavVan x 65 x 127 x 163 x East West 165 x X
Cfa Tosya/Kastamonu x 47 x 163 x 159 X East West 16 x X
Cfb Kastamonu x 71 x 105 x 144 x East West 133 x X
Csb Sivas x 143 x 156 x 175 X South East West S:15,9E: 16,7 W:16,7 X X
colp BSk Konya X 37 X 21,7 v 21,7 v East West 24 v X
BSh Ceylanpinar/Sanliurfa x 134 x 37 x 83 x North South 167 x X
Dfb Ardahan X 122 X 47 X 123 X South North West $:10,9 N: 15,1 W:49,8 X X
Dsa Mus x 137 x 16 x 20 v North South 1,4 X X
Dsb Agn x 29 x 186 x 19 x East West 10 X X
NorthFacade | "Seom % | south Facade | "SCOTTN | pagtpacade N West Facade Recommended Sample Classrooms MEB Recommended
Csa Sanhurfa X 11,4 X 15,2 v 16,2 v East West 16,7 v X
Cfa Afyonkarahisar x 313 x 183 v 186 v East West 20 v x
Cfb Kastamonu X 71 X 10,5 X 14,4 X East West 13,3 X X
Csb Glimishane x 134 v 134 x 4 x North South 136 v X
WARM BSk Malatya x 198 x 141 x 181 X North South 216 x x
BSh Ceylanpinar/Sanlurfa x 134 x 37 x 83 x North South 167 X X
Dfb Erzurum v 204 x 42 x 24 x North South 203 x x
Dsa Mug X 137 X 116 X 20 v North South 14,4 X X
Dsb Agn x 29 x 186 x 19 x East West 10 x x
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Table 12, Investigation of window-floor area ratio (WFR) parameters of secondary school

SECONDARY SCHOOL TYPE PROJECTS Window-Floor Area Ratio (%) Sample Classrooms
Képpen Climate Képpen Climate Recommended Recommended . MEB Recommended
O tati
Classification Classification Codes North Facade waas20 | SoUtnFacade | o0 Fast Facade %20-25 \West Facade %20-25 rientation Degree Control %25
Csavan 72 x 104 x 184 x 149 X East West 17,9 x x
Cfa Tosya/Kastamonu 34 X 34 x 143 x 18 X East West 18,2 X X
Cfb Kastamonu 49 X 61 X 158 X 149 X East West 20 v X
Csb Sivas 18 X 18 x 145 x 182 x East West 192 X X
coLp BSk Konya 53 X 36 X 12,3 X 138 X East West 20,2 v X
BSh Ceylanpinar/sanlurfa 147 X 164 x 3 x o8 X North South 167 X X
Dfb Ardahan 116 X 004 x 131 X 122 X East West North E:11,1W:11,1N:34,2 X X
Dsa Mus 18,4 X 87 X 151 X 134 X East West 14,4 X X
Dsb Agri 141 X 182 X 24 X 29 X North South 17,9 X X
North Facade | RECOM™™MeNded | oot Facade East Facade West Facade Recommended Sample Classrooms MEB Recommended
%24.5-29 %24.5-29 %20-25 %20-25 o %25
Csa Sanhurfa 13,8 v 9,7 X 17 v 159 v East West 16,7 v X
Cfa Afyonkarahisar 158 v 18 X 215 X 158 v North South 182 X X
Cfb Kastamonu 49 x 61 x 158 x 149 X East West 20 v X
Csb Giimishane 109 X 11,7 X [ X 10 X North South 13,6 v X
WARM BSk Malatya 215 X 334 X 98 X 22 X North South 16 v X
BSh Ceylanpinar/Sanhiurfa 14,7 X 164 X 3 X 98 X North South 16,7 X X
Dfb Erzurum 135 v 151 v 36 X 36 X North South N:18,35:20,2 X X
Dsa Mus 184 X 87 x 151 x 134 x East West 14,4 X X
Dsb Agn 181 X 182 x 24 X 29 X North South 17,9 X X
Table 13. Investigation of window-floor area ratio (WFR) parameters of high school
HIGH SCHOOL TYPE PROJECTS Window-Floor Area Ratio (%) Sample Classrooms
Képpen Climate Képpen Climate Recommended Recommended . MEB Recommended
P e o ttes | NorthFacade | "ML | south Facade | T East Facade o West Facade o Orientation Degree Control POt
CsaVan 158 X 143 X 28 x 28 X North Giney N:18,95:18,1 x X
Cfb Kastamonu 188 x 21 x 10 x 4 X North South 166 x x
Csb Sivas 198 x 236 x 106 x 107 x North South 21,1 x X
cotp BSk Konya 28 X 47 x 126 x 147 X East West E:18W: 135 X x
BSh Ceylanpinar/sanlurfa 159 X 16 x 14 x 142 X North South 17 X X
Dsa Mus 11,8 X 10,7 X 72 X 99 X North South 11,4 X X
Dsb Agn 9 X 104 x 25 x 131 x North South 1,2 x x
Recommended Recommended MEB Recommended
North F: th F: E; Fe F le Cl:
orth Facade | " WRES | South Facade | "M ast Facade o West Facade ol Sample Classrooms oy
Csa Sanhurfa 15,7 v 134 X 39 X 39 X North South 15,3 v X
Cfa Afyonkarahisar 194 X 16,1 v 39 X 31 X North South 16 v X
Cfb Kastamonu 188 X 21 x 10 x 4 X North South 166 X X
BSk Malatya 94 X 12,4 X 11 X 11 X North South 14,5 v X
WARM
BSh Ceylanpinar/sanlurfa 159 X 16 x 1 x 142 X North South 17 X X
Dfb Erzurum 26 X 29 X 152 v 124 X East West E:13,3XW:18V XV X
Dsa Mus 18 X 107 x 72 X 99 X North South 1,4 X X
Dsb Agn 9 X 104 X 25 X 131 X North South 1,2 X X

Notably, at least one facade of primary schools meets the recommended window-to-floor area ratio (WFR) of 38%,
while this ratio is only 16% in secondary and high schools. Schools' responsiveness to climate is compromised by
inappropriate orientation choices disregarding climatic conditions. For instance, the orientation of classrooms to
the west—55.5% in primary schools and 50% in secondary schools—results in excessive heat gain during the
afternoon, diminishing overall comfort. Furthermore, it is important to highlight that the optimal WFR value of
25%, as recommended by the Ministry of National Education for educational buildings, was not achieved in any of
the schools examined. This discrepancy underscores a critical area for improvement and emphasises the necessity
of aligning architectural design with established standards to enhance the learning environment. The findings
suggest that the typological design of educational structures across various climates fails to adequately address
specific climatic needs, indicating a significant opportunity for improvement in future school designs.

5. Discussion
5.1. Hypothesis 1: Public schools are typical in Tiirkiye

Buildings for primary, secondary and high school education in Tiirkiye mostly employ standardized architectural
platforms which seek to reduce project costs and construction time and minimize errors through linear layouts
and repetitive facade details. The standardized architectural approach for school buildings tends to disregard
location-specific factors which makes the educational delivery less effective for different cultural needs of students
throughout the country. Some research has shown that many schools in Tiirkiye are built from reinforced concrete
building materials and that the architectural appearance of the majority of schools does not reflect regional
characteristics [65]. Moreover, such standardised designs that are common in designing learning environments
fail to create learning environments that appropriately enhance the educational processes of diverse students by
incorporating relevant characteristics such as local climates, cultural identity, or values of communities [66].
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Working with standard school building types causes both students' affiliation to their educational setting as well
as flexible learning environment development to be overlooked in traditional school architecture [67].

5.2. Hypothesis 2: Schools are not constructed in alignment with local climate

The study has discovered that Turkish educational buildings contain insufficient architectural structures which
produces spaces with poor quality and creates problems with shading and ventilation systems along with heating
and insulation needs. The combination of high WWR ratios in southern Tiirkiye creates buildings that absorb too
much heat while exposing themselves to direct sunlight and lacking proper insulation which results in detrimental
effects on student health. The implementation of buildings that do not respond to local climates leads to significant
unpleasantness for students in educational spaces resulting in lower student performance through increased
health-related absences in hot areas and respiratory issues from cold drafts and humidity in colder climates. [68].
Studies have demonstrated that students exposed to uncomfortable learning environments negatively affect
student concentration, reduce academic performance, and increase anxiety [69]. Unsuitable school designs based
on climate lead to unpleasant indoor environments which reduces learning quality as heat from the sun impedes
learning though it improves academic results up to 7% to 18% and cold temperatures make students tired. [70].
These results confirm the importance of seriously considering climate-responsive approaches and concepts in the
planning of educational institutions in order to improve students' comfort and, therefore, their health and success.

5.3. Equity and educational inequality

The complex link between educational building standardization and climate-unresponsive school designs forms
the basis of two main hypotheses (Hypothesis 1 and Hypothesis 2). The first hypothesis indicates that standardized
school building designs might create uniformity which ignores building context along with failing to support
students with different learning requirements. Various climatic zones demonstrate non-compliance with window-
to-wall and window-to-floor ratios standards that exist for educational building design. The second hypothesis
demonstrates how unresponsive educational building designs create adverse outcomes when applied to climate-
responsive features such as shading elements and insulation material. Climate-unresponsive design produces
learning spaces which discomfort students physically thus reducing their ability to concentrate [71].

Accurate research reveals primary educational facilities with appropriate shading elements decrease their cooling
requirements by 40% within hot dry conditions [72]. Homes that lack proper heating and insulation systems in
cold regions become uncomfortably cold which creates adverse study conditions for students [73]. Children facing
environmental stressors experience negative effects on their education particularly when they come from low
socioeconomic areas [74]. The way classrooms handle climate changes can result in unfair distribution of benefits
which affects educational equity between different zones. Students learn less effectively when their classrooms
lack sufficient ventilation and air conditioning in regions with extreme climate conditions thus creating learning
benefit disparities between students. Equity in education matters more because countries operate distinct school
education systems. Heat adversely affects student mental processing capabilities along with academic
performance and increases their stress levels [75]. Modern insulation systems are missing from older schools
located in cold climate zones which negatively affects student learning conditions [76]. Academic differences
emerge because of this situation and create persistent disadvantage patterns between students [77]. Educational
settings need to establish climate adaptation plans together with equality-focused initiatives that give children
equal education opportunities.

5.4. Policy and practice recommendations

The current educational structures of Tilirkiye must adopt diverse building solutions to serve the target population.
An extensive solution requires alignment between policy development and design approaches together with
public relations strategies. The Ministry of National Education must adapt their policies through financial backing
and community engagement for implementation success. Natural cooling elements should be integrated into
sustainable building designs. A classroom design that incorporates operable windows acts to improve ventilation
and comfort levels along with reducing building energy consumption rate [78]. Quality insulation materials work
to block both heat loss as well as heat intake when temperatures become extreme. Orientation plans for buildings
must facilitate the maximum entry of natural light along with the reduction of solar rays hitting buildings directly
[79]. The installation of large windows coming from north or south directions produces beneficial effects for both
lighting conditions and energy conservation. These windows improve comfort levels and efficiency performance
of the building [80]. The improvement of education in Tirkiye requires future projects to integrate climate
responsibility into their extensive design specifications.

304



Designing Climate-Responsive Learning Environments: Rethinking Educational Buildings Across Tiirkiye's Diverse Climatic Zones

The specifications should integrate environmental elements together with materials and energy-efficient
technological components. School building evaluation regarding performance together with energy consumption
data can guide current and future design principles and policy development. Educational facilities that address
student needs result from partnership work between policymakers with educators and architects.

5.5. Limitations and challenges

The research examined educational buildings across pilot areas in Turkiye through temperature assessment
within ten different climatic zones. The research did not include private educational institutions because they
differed in their construction designs and operational methods and some climate-responsive design data were
unavailable from architectural plans.

5.6. Suggestions for future research

The research team in Tirkiye studies educational architecture through historical political and economic factors
that caused school variety to decrease. The researchers want to understand the effects that development policies
along with funding mechanisms and architectural trends have on education. The analysis of climate-adaptive
school designs across countries provides governmental institutions and architects with a sustainable approach to
develop educational buildings that respect cultural patterns as well as social requirements and climatic conditions.

6. Conclusions

This study focuses on the importance of educational building design in students' learning spaces, particularly in
Tirkiye, a region where the effects of climate variations on educational building projects are neglected. The
research, which supports the argument of the necessity of climate-responsive design approaches, analysed
Tirkiye’s climate zones according to the Képpen climate classification and evaluated educational buildings in the
pilot cities of each climate zone. The study showed that educational buildings have many similarities and that
common architectural design may be inadequate in some respects because the local climate is not considered. A
critical evaluation of some key design parameters, such as orientation and spatial layout, revealed major
limitations in climate responsivity that may hinder student learning and equity across regions.

The climate-responsive design analysis of school environments pointed out that today's school designs increase
our awareness of the discourse of inequality in educational environments and the demand for climate-responsive
architecture. The research highlights the importance of considering climate-responsive approaches to designing
educational buildings with effective indoor conditions for learning environments designed in the context of
concepts of equity and sustainability. In addition, this research forms a basis for other studies that aim to further
expand the framework of more inclusive and equitable learning environments in Tiirkiye. Experimental research
is suggested to examine the short- and long-term effects of climate-responsive design on students' health, well-
being, and achievement.
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Appendices

Appendix 1

Table 1. Annual temperature data of cities belonging to the Csa climate type
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Table 2. Annual temperature data of cities belonging to the Cfa climate type
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Table 3. Annual temperature data of cities belonging to the Cfb climate type

CFB / Cities | January | February | March | April | May
Gorum Average Temperature 5 10,5 15

Average maximum temperature | 43 6,5 11,4
Average minimum temperature
MerzifonfAmasya Average T.

Average maximum temperature| 4

Average minimum temperature

Kastamonu Average Temp.

Average maximum temperature

Average minimum temperature

Bolu Average Temperature

Average maximum temperature |

Average minimum temperature

Artvin Average Temperature

Average maximum temperature |

Average minimum temperature

llgaz/Cankin Average Temp.
Average maximum temperature

Average minimum temperature

Gerkes/Cankin Average Temp.
Average maximum temperature

Average minimum temperature
Devrekani/Ki A
Average maximum temperature

Average minimum temperature

Table 4. Annual temperature data of cities belonging to the Csb climate type

CSB/ Cities | sanuary | February | march | April | May July August |September| October |Nowember|December
Urgiip/Nevsehir Average Temp. 5 10 14 11 5

Average maximum temperature | 4 6 11 11

Average minimum temperature 3 7 10 13 12 8 4

Giimiish TrmzzTEIvT 37 93 13,6 11,2 3.1
2 s oo |tea e I N N N 52

Average minimum temperature 38

Boziiyiik/ Bilecik Average Temp. 5 14 12

Average maximum temperature ------

Average minimum temperature

Kiitahya Average Temperature 14,6 11,9 6,9

Average maximum temperature 108 1f’-3 ------ 129

Average minimum temperature EX] 79 0,9 g2 56

Kaman/Kirsehir age Temp. 10 14 11 4

6 D20 ISEEEEEE e s
Average minimum temperature Z 7 11 14 14 El 4
Sivas Average Temperature g 135

------ 108

Average maximum temperature |

Average maximum temperature

Average maximum temperature

31
8
14

Average minimum temperature
Kizilcak fAnkara A T.
Average maximum temperature

ag

Average minimum temperature
Hadim/Konya Average Temp.
Average maximum temperature

Average minimum temperature
Yozgat Average Temperature
Average maximum temperature

Average minimum temperature

Gevas/Van Average Temp.
Average maximum temperature

Average minimum temperature

Sebin Karahisar/Giresun Average

Average maximum temperature

12 16 15
Average minimum temperature 6 10 13 12 8
Keles/Bursa Average Temp. 3 ¥ 12 16 15
Average maximum temperature 3 8 13018 22T s s

4
3
37
I 2 [ . 2
11 14 14 10
2
4
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Table 5. Annual temperature data of cities belonging to the BSk climate type

BSK / Cities

| January July August | September| October |Mowvember | December

Elazig Average Temperature

Average maximum temperature

Average minimum temperature

Malatya Average Temperature

Average maximum temperature

Average minimum temperature

Igcir Average Temperature

Average maximum temperature

Average minimum temperature

Average Temperature

Average maximum temperature

Average minimum temperature

Karaman Average Temperature

Average maximum temperature

Average minimum temperature

5.1

Aksaray Average Temperature

11,5

16,2

Average maximum temperature

12,5 181

Average minimum temperature

------
11,4

56

Polath/Ank

5 1

age Temp.

Average maximum temperature

Average minimum temperature

| 4 [ 17 6
4

Konya Average Temperature

11 11
35 11,1 129 6,5

Average maximum temperature

L L I

Average minimum temperature

Eskisehir Average Temperature

.3 127 37 1.1
5.2

Average maximum temperature

b
L 7 e s pssMSENESEN BN v e o

Average minimum temperature

Beypazari/Ankara Average Temp.

6 1 16

Average maximum temperature

| 4 12 17

Average minimum temperature

5

Korkuteli/Antalya Average Temp.

10

Average maximum temperature

| 16

Average minimum temperature

4

Mallih

fAnkara Average Temp.

Average maximum temperature

Average minimum temperature

Cigekdagi/Kirsehir Average Temp.

Average maximum temperature

Average minimum temperature

14 13

Nigde Average Temperature

51 10,6 151 181 126 6,6

Average maximum temperature

a0 109 163 ------ 121

Average minimum temperature

44 11,9 104

Dogubeyazit/Agn Average Temp.

11

Average maximum temperature

Average minimum temperature

Develi/Kayseri Average Temp.

Average maximum temperature

Average minimum temperature

BSH / Cities

Nowvember | December

Ceyl; fSanhurfa A

age Temp.

Average maximum temperature

Average minimum temperature

Akacakale/Sanhurfa

age Temp.

Average maximum temperature

Average minimum temperature

Birecik/Sanhurfa Average Temp.

Average maximum temperature

Average minimum temperature

Table 7. Annual temperature data of cities belonging to the Dfa climate type

DEA / Cities

Oltu/Erzurum Average Temp.

Average maximum temperature

Average minimum temperature

| January
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Table 8. Annual temperature data of cities belonging to the Dfb climate type

DFB / Cities | January i August |September| October |November|December

Erzurum Average Temperature
Average maximum temperature
Average minimum temperature

Kars Average Temperature

Average maximum temperature
Average minimum temperature
Ardahan Average Temperature

Average maximum temperature
Average minimum temperature

DSA / Cities | danuary | February | March | April | May June July August |September| October |Nowember|December

Mus Average Temperature
Average maximum temperature
Average minimum temperature
Hakkari Average Temperature
Average maximum temperature |
Average minimum temperature

Bitlis Average Temperature
Average maximum temperature |
Average minimum temperature

Tercan/Erzincan Average Temp.
Average maximum temperature
Average minimum temperature

Muradiye/Van Average Temp.

Average maximum temperature
Average minimum temperature

Table 10. Annual temperature data of cities belonging to the Dsb climate type

DSE / Cities | January | February | March | April | May July August |September| October |Novemher December
Goksun/Kahramanmaras Average T. 14 5 0
Average maximum temperature

Average minimum temperature
Adn age Temp

Average maximum temperature

Average minimum temperature

Zara/Sivas Average Temperature 11
Average maximum temperature 14 [ 19 N e e 7
Average minimum temperature 3 7 1 13 13 g 5

Kangal/Sivas Average Temp

Average maximum temperature

Average minimum temperature
Tomarza/Kayseri Average Temp.
Average maximum temperature
Average minimum temperature

Hinis/Erzurum Average Temp.
Average maximum temperature
Average minimum temperature
Ercig/Van Average Temp ure
Average maximum temperature

Average minimum temperature
Yiiksekova/Hakkari Average Temp.
Average maximum temperature
Average minimum temperature

Pinarbagi/Kayseri Average Temp.
Average maximum temperature

Average minimum temperature

Sanz/Kayseri Average Temperature
Average maximum temperature

Average minimum temperature
Bayburt age T ture 7 11 6

Average maximum temperature 132 ------ 8.3

Average minimum temperature 18 57
Ozalp/Van Average Temperature 15

Average maximu temperature ---_

Average minimum temperature
Te ure

kale/Van ag: p

Average maximum temperature ----

Average minimum temperature
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